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PBEFACE. 



This work is intended to be partly historical and 
partly explanatory. So far as I know, no book has 
hitherto been published . in England giving a com- 
plete account of the transits of 1639, 1761, and 1769, 
and of the various interesting circumstances connected 
with them. This want I have endeavoured here to 
meet, illustrating by maps the conditions under which 
those transits were observed. In the chapters re- 
latiug to the transits of 1761 and 1769, I sketch 
the causes of the partial failure of the observations 
then made, and give an account of the attempts made 
in repent years to reconcile those observations witli 
the present estimate of the sun's distance. It will l)e 
observed that in dealing with the latest of these at- 
tempts I adopt the opinion of Continental and American 
astronomers, no longer regarding that attempt as in 
any sense removing the difficulties recognised before 
it was made. 

In Chapter IV. I have given a simple account of 
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the principles on which the recurrence and observa- 
tion of transits depend. 

In the last chapter I carry on the history of the 
subject to the present time. It would be impossible, 
as Sir Edmund Beckett points out in the latest edition 
of his fine work ^ Astronomy without Mathematics,' to 
l)resent the subject adequately \vithout a short account 
of the occurrences of 1869 and 1873 — now belonging 
to the history of transits, and instructive in many 
respects. It has seemed to me best to quote the 
original papers of 1868 and 1869, and then briefly 
sketch the progress of events which led to the arrange- 
ments finally adopted. 

The plans of the various scientific nations for 
the transit now at hand are worthy of the occa- 
sion. Astronomers attach just value to the beautiful 
method of Delisle, while not losing sight of the 
favourable opportunity presented for applying the 
simple method invented by Halley. They have 
wisely noted the fact that all the best Halley an 
stations are excellent also for Delisle's method, and 
have taken such measures, that if bad weather should 
l)revent the beginning or end from being both ob- 
served, one or other may still be utilised. In this 
way new DeUslean stations have been obtained by 
the very arrangements which provided for the em- 
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ployment of Halley's method ; and thus the chance 
of absolute failure through bad weather has been very 
largely diminished. The long-neglected region in North 
India has been occupied, and useful observations will 
doubtless be made there. Southern observing-stations 
are also now amply provided for — first-class Halleyan 
stations having been quadrupled in number since last 
year, when it was pointed out that the want of them 
endangered the whole scheme of operations. 

The suggested Antarctic expeditions for viewing 
the transit of 1882 have been very properly aban- 
doned. 

A brief account is given at the end of Chapter V. 
of the conditions of the transits of 2004 and 2012. 

Richard A. Proctor. 

London : October 1874. 

For the use of Plates X., XL, XII., XIII., and 
XIV., I have to thank the Editor of the ^ Astro- 
nomical Register,' Rev. S. J. Jackson. These pic- 
tures originally appeared in the ' Illustrated London 
News,' for which journal I drew them. Electros 
were supplied to Mr. Jackson for use in the * Re- 
gister,' and were lent to me by him. These plates 
have also appeared, slightly reduced by some process 
unknown to me, in the New York ' Daily Graphic' 
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CHAPTER I. 

TBANSITS OF THE SEVENTEENTH CENTURY. 

As soon as the Copemlcan theory of the solar system 
was established, astronomers perceived that the inferior 
planets^ Mercury and Venus, must from time to time 
appear to cross the face of the sun. For although on 
most of these occasions when either planet passes 
between the sun and the earth, no transit was to be 
expected, the planet either passing above or below the 
face of the sun, yet it could not but happen that, in 
the course of many such conjunctions, the planet 
would make a passage at so small a distance north or 
south of the sun's centre as to appear for a time to be 
upon the sun's disc. To hiake this clear, without 
entering into any nice details at this stage, let E e and 
Yv (fig. 1) be the paths of the Earth and Venus, 
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respectively, around the Sun, s.' Then if we snppose, 
the path e e to He in the level of the paper, we must 
imagine one-half of ihe path v v — the half v' o v' — to 
lie above the level of the paper, the other half, « v v', 
lying below that level — not greatly above or below ; 
in fact, the short white lines near v and V show how 
much these parts of the path of Venus are to be 
supposed respectively above and below the level of 
the paper. Still, It will be clear that when Venus is. 




as at V, between the Sun and the Earth at s and e, she 
IB not really on the line S E, but considerably below 
it ; and, as supposed to be seeu from the Earth, she 
passes below the Sun. IVhen in conjunction on the 
other side of v' »/, Venus passes above the Sun. Only 
when she is in conjunction nearly at v' (the Earth 
near e'), or nearly at v' (the Earth near e"), will she 



' E IB siippose^l to he the ] 
Ihf ^lutiiniDiil EquiDDi. 



jtupitd lij the oartli at thu I 
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appear to cross the face of the Sun. But in the course 
of many conjunctions there must be some which take 
place when the two planets are thus placed ; that is, 
either near v' and e', or near v' and ef. Similar 
remarks apply to the case of Mercury. 

This was early perceived by the followers of 
Copernicus. The Ptolemaic system did not. indeed, 
preclude the possibility of such phenomena as transits ; 
but since the older astronomers regarded the planets as 
shining by their own inherent lustre, it was not to be 
expected that, even if a transit occurred, the planet 
would be discernible while crossing the sun's face. 
And as in reality the Ptolemaic system gave no means 
of inferring the relative distances of the several planets 
(including the sun^), there could not even be any 
certain assurance that Venus or Mercury ever came 
between the earth and the sun. It was only by a 
mere assumption that the old astronomy assigned to 
the sun a sphere outside the spheres of Mercury and 
Venus. 

Still we find that, even so far back as the ninth 
century. Mercury was supposed to have been seen as 
a dark spot on the face of the sun. Doubtless one of 
those large sun-spots, which from time to time are 
visible to the naked eye, had attracted attention, and 
was regarded by the ignorant as caused by the passage 
of one or other of the planets. Mercury or Venus, 
between the earth and the sun. Venus being probably 

' The sun and moon were ' planets * in the old astronomy ; and we 
stiU find traces of the usage in some modern expressions. 

B 2 
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conspicuous at the time, either as a morning or evening 
star, the less familiar planet Mercury afforded a con- 
venient explanation of the dark spot. The account 
of the phenomenon accords well with the belief that a 
solar spot was seen, for we are told by the author of 
the • Life of Charlemagne ' that Mercury was visible 
as a black spot upon the sun for eight consecutive 
days in April of the year 807. Kepler, who was 
perfectly well aware that Mercury moves too rapidly 
to remain even for as many hours on the sun's disc, 
endeavoured to show that the expression originally 
used in the manuscript had not been octo diesy but 
octoties, a barbaric form of octies, for * eight times.* 

It is now well known that Mercury is far too 
small to be seen by the naked eye when crossing the 
sun's disc. And this fact disposes of the statement 
made by the famous physician Ebn Roschd (commonly 
called Averroes), in his Ptolemaic Paraphrase, to the 
effect that he saw the planet on the sun in the year 
1161, at a time when Mercury really was in inferior 
conjunction. We need not, however, question the 
veracity of the learned doctor, seeing that Kepler him* 
self supposed he had seen the planet upon the sun on 
one occasion. When, a few years later, the existence 
of sun-spots was detected by the telescope, Kepler 
admitted that in all. probability he had seen such a 
spot, and not the planet Mercury. 

After Kepler had completed his Rudolphine tables 
of the planetary motions he was able to arrive at 
tolerably accurate results as to the epochs of th^ 
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transits of Mercury and Venus over the solar disc. 
In fact, he announced, in 1627, that in the year 1631 
both Mercury and Venus would pass over the sun's 
face — Mercury on November 7j and Venus on De- 
cember 6; and that in 1761 Venus would again pass 
across the face of the sun. 

As the first occasion on which the transit of an 
inferior planet was ever witnessed, the transit pf 
Mercury in 1631 has an interest resembling that which 
attaches to the first observation of a transit of Venus, 
eight years later. Therefore I think the reader will 
be interested to hear how Gassendi succeeded in ob- 
serving Mercury in transit 

Gassendi made preparations for the observation of 
the transit at Paris- The manner in which he ob- 
served the phenomenon was somewhat remarkable. 
Through a small aperture in a shutter the solar light 
was admitted into a darkened room, and an image of 
the sun, some nine or ten inches in diameter, was 
formed upon a white screen. A carefully divided 
circle was traced upon this screen, and the whole was 
so arranged that the image of the sun could be made 
to coincide exactly with the circle. As Gassendi was 
anxious to ascertain the exact moment of the ingress 
of the planet upon the sun's disc, or — supposing he 
should fail in that respect — at least to determine the 
moment of egress, and as he had no trustworthy clock, 
he determined that the altitude of the sun should be 
carefully estimated several times during the progress 
of the transit, and particularly at the moment of 



O TUAIk'HITH or VESTS, 

nufgp^sm^ \X va« naeenarf, tlief«£we, tkil lie fihfivU 
ttfir^afi a«WfftOTit»aod^fiirther, that Ids firiffljiTrr Apqld 
w<iffc to «K4faer room ; ifx fiom dbe xxxn in mlidi 
GwMseodi was working ihe muCs li^it, ae I laT« snd, 
luidi f/een eareftiUy excluded^ eare at tlie iwTw^ ny 
Mp'^ifUiremihewmA^m'iAn^^ Aoocndii:^ j, GasBeafi 
f4aeed bw MtmntMnt in a room abore him, widi m laige 
qiMMdraat tut taking altitodee, instructing him to ob- 
iherre the height of the sun as 6o<m as be heaid 
Onmeudi stamp upon the floor of the room beneafb. 
A elumsf arrangement, truly, when ocnnpared with 
tbe sul>tle devices of modem astronomers — ^witli tbe 
aid which they derive from powerful telescopes, all baft 
{perfect clocks, and, where need arises for oonununi- 
cating with one another from distant stations, tbe 
instantaneous indications of telegraphy. Yet we can- 
tuft but admire the sjiirit in which Gassendi worked, 
the readiness with which, for want of more perfect 
instruments, he set himself to invent arrangements 
which suited his requirements, and the skill with 
which he availed himself of those imperfect adap- 
tations. 

And if we admire these qualities in Grassendi, still 
more must we admire the patience with which he 
waited for the commencement of the phenomenon. 
Modern astronomy is able to announce, within three 
or four minutes, the instant at which a transit will 
commence at any given spot upon the earth's surface. 
But Kepler's prediction respecting Mercury's motions 
did not lay claim to any accuracy of this sort. So 
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uncertain did the epoch of the occurrence appear to 
be, that Gassendi began to watch for the transit 
two days before the date assigned by Kepler for its 
occurrence. 

The 5th of November proved unfavourable for 
observation, the day being rainy. The next day was 
also unsuitable, clouds having overspread the sky 
during nearly the whole day. The morning of the 7th, 
the day appointed by Kepler for the transit, was also 
cloudy. Thus Gassendi began his watch on that day 
with the uncomfortable feeling that during some part 
of the two preceding days the planet might already 
have passed over the sun's disc, — perhaps that the 
transit had been completed but a few minutes before 
the clouds broke up on the morning of the 7th. 

A little before eight the sun shone for a few 
minutes through the openings between the clouds, but 
there still remained enough mist to prevent Gassendi 
from being able to determine whether any spot existed 
upon the image of the sun in his observing-room. 
Nearly an hour passed before the sun was sufficiently 
clear of clouds to enable Gassendi to make any satis- 
factory observations. Towards nine, however, the 
sun became distinctly visible, and turning to the image 
on the screen, the astronomer perceived upon it a 
email black spot. He could not believe, however, that 
this was Mercury, as the received estimate of the 
planet's dimensions had led him to look for a spot 
nearly twice as large. As he was familiar with the 
nature of solar spots, and the rapid manner in which 
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they form, he concluded that one had made its appear- 
ance on the sun's surface since the preceding day. 
At nine o'clock he had another opportunity of observ- 
ing the spot, and he carefully estimated its position, 
intending to make use of it as a point of reference for 
determining the path of the planet in transit, if 
he should be fortunate enough to witness that phe- 
nomenon. Soon after, he had another view of the 
spot, and was surprised to find that it had moved away 
considerably from its former position. He felt assured 
that no ordinary solar spot could have moved so 
rapidly ; but still he could not persuade himself that 
he was looking at Mercury in transit, having so fully 
satisfied his mind respecting the dimensions which the 
planet would exhibit. Besides, the hour had not yet 
arrived at which Kepler had predicted that the transit 
would begin. 

Gassendi was still in doubt, and endeavouring to 
recall the circumstances of his former measurement, 
in order to convince himself that he had made no 
mistake, when the sun again mad^ his appearance 
through the clouds, and it was apparent that the spot 
had moved yet farther from its original place. No 
room now remained for doubt. It was clear that the 
phenomenon which had been so long and so anxiously 
awaited by the astronomer was already in progress. 
He immediately stamped upon the floor to attract the 
notice of his assistant. But this person, whose name 
has not reached us, was possessed of less patience than 
Gassendi. He probably felt much less interest in the 
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phenomenon ; possibly, he placed very little faith in 
the calculations of Kepler. Whatever was the reason, . 
he had grown weary of watching, and had left his 
post, Gassendi had to continue his observations 
alone, hoping that at least his assistant wpuld re- 
turn before the planet had passed completely off the 
sun's face. Fortunately this happened ; the requisite 
observations were made for determining the time of 
egress ; and thus an important addition was made to 
our knowledge of the motions of the innermost planet 
of the solar system, 

Gassendi sent an amusing account of his observa- 
tions to Professor Shickhard, of the University of 
Tubingen, ^ The crafty god,' he wrote, * had sought 
to deceive astronomers by passing over the sun a little 
earlier than was expected, and had drawn a veil of 
dark clouds over the earth in order to make his escape 
more eflTectual. But Apollo, acquainted with his 
knavish tricks from his infancy, would not allow hira 
to pass altogether unnoticed. To be brief, I have 
been more fortunate than those hunters after Mercury 
who sought the cunning god in the sun. I found him 
out, and saw him where no one else had hitherto seen 
him.' He states that the planet, as seen projected on 
the image of the sun, did not appear altogether black, 
but was greyish, and somewhat ruddy round the 
margin. Doubtless these peculiarities were due to the 
method of observation employed by the astronomer. 
He estimated the apparent diameter of the spot at 
about one-ninetieth part of the sun's apparent diameter, 
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an estimate considerablT exceeding the tree dimen- 
nons, bat still more considerablT below the dimensions 
which astronomers had been disposed to assign to the 
planet. 

Gassendi, although he did not observe the com- 
mencement of the transit, was yet able to compute 
the time of its occurrence. He found that the transit 
had begun nearly five hours before the time assigned 
by Kepler.' 

I have mentioned that Kepler had predicted that 
a transit of Venus would take place on December 6, 
1631. It need hardly be said that Gassendi^ after his 

' The second observed transit of Mercury took plsce on November 3, 
1651. The observations of Gassendi had enabled astronomers to esti- 
mate the epoch of the transit maeh more exactlv than in the former 
instance. It resulted from their calculations that the phenomenon 
would not be visible in England, or indeed in Europe ; but would be 
well seen over a large part of Asia. Accordingly a young Englishman, 
Jeremiah ^hakerley, went to Surat. in India, for the purpose of witness- 
ing the phenomenon. Such a journey und^ftaken for such a purpose in 
an age when sea- voyages were not onlv much more protracted, but also feur 
more dangerous than in the present day, must be looked upon as a re- 
markable and commendable instance of devotion to scientific pursuits. 
It is pleasing to be able to record that the energy of the joung English- 
man was rewarded bj complete success. 

The third observed transit took place on May 3, 1661. It was 
observed by flevelius at Dantzic, and at London by Huyghens, Street, 
and Mercator. Hevelius was surprised to find that the diameter of the 
planet was very much smaller than he had been led to expect. He 
found on measurement that Grassendi's estimate was nearly twice as 
great as the true diameter of the planet. 

The fourth transit of Mercury was observed by Halley at St. Helena 
on November 7, 1677. He was the first astronomer who had ever 
ofjserved the complete passage of the planet across the solar disc. 

Later transits of Mercury have no special historical interest, though 
o1>servation8 of iconsiderable importance were made during the transits 
of 1736, 1799, and 1868. 
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success in observing the transit of Mercury, had * 
good hopes of observing Venus to even greater ad- 
vantage. It is true that, according to Kepler's calcu- 
lation, the transit might be expected to begin only 
towards sunset, and it was therefore possible that the 
phenomenon would not be visible at all in Europe. 
But it was equally possible that any error in the 
calculation might lie in the other direction, and so 
the whole transit be favourably seen before sunset. 
Gassendi took the same measures for observing the 
transit as in the case of Mercury. He had proposed 
to observe the sun on December 4 and 5, but * an 
impetuous storm of wind and rain rendered the face of 
the heavens invisible on both those days. On the 6th 
he continued to obtain occasional glimpses of the sun 
till a little past three o'clock in the afternoon, but no 
indication of the planet could be discerned upon the 
sun's disc as depicted upon the white circle. On the 
7th he saw the 6un during the whole forenoon, but he 
looked in vain for any trace of the planet.' ^ It is 
now well known,' proceeds Prof. Grant, from whose 
account I have just quoted, ^ that the transit of the 
planet took place during the night between December 
6 and 7.' I do not know where any calculation of the 
circumstances of the transit can be found ; but an 
investigation of my own (sufficiently accurate for a 
past and unseen phenomenon) shows that in the South- 
eastern parts of Europe the egress might have been 
observed, occurring for those parts after sunrise on the 
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morning of December 7.^ Plate II. shows the parts 
of the earth whence the transit might have been seen 
wholly or in»part. The position of the line c d, which, 
according to my calculation, marks the boundary be- 
tween the places where day and night were in progress 
in the Northern hemisphere at egress, shows the parts 
of Europe whence the end of the transit might have 
been observed. 

Kepler had stated that after the transit of 1631 
there would be tione till the year 1761. According 
to his calculations, Venus, when in her inferior con- 
junction on December 4, 1639, would pass very near 
to the sun's centre, but not quite near enough for a 
transit to occur, the planet passing below — that is, 
south of the sun. On the other hand, the tables of 
Lansberg, a Belgian astronomer, who followed the old 
system of computation, seemed to show that Venus 
would on this occasion transit the upper or northern 
part of the sun's face. Horrocks, a young and then 
unknown astronomer, having been led to examine the 
tables of Venus, found that though Kepler's were much 
more exact than Lansberg's, a transit would really 
occur, Venus passing below the centr6 of the sun, as 
Kepler had predicted, but not so low as to miss the 



* M. Dubois, in his admirable work, ' Les Passages de V6niis/ gives 
the following humorous explanation of Gassendi's failure: — *Le Pas- 
sage de V^nus, qui sans doute n'^tait pas prMit avec une pr^ision 
suffisante, ne fut pas observe — d^abord^Arceque Gassendi, qui s'appretait 
a I'observation, en fut empeche par la pluie, maia surtout parce que le 
passage eut lieu pendant la nuit pour les observateurs europ^ens.' [The 
italics are mine.] 



^ 
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sun's disc altogether. The circumstances under which 
Horrocks made this discovery possess considerable 
interest, and I propose to devote some space to his 
account of them. 

While preparing himself for practical observation, 
Horrocks undertook (apparently from sheer love of 
science) the computation of Venue's motions from the 
tables of Lansberg. These tables were so highly 
valued by their author that he had spoken of them 
as superior to all others, quantum lenta solent inter 
viburna cupressi. But Horrocks recognised many im- 
perfections in them, and at length, as he says, ^ broke 
off the useless computation, resolved for the future 
with his own eyes to observe the positions of the stars 
in the heavens; but, lest so many hours should be 
entirely thrown away,' he made use of his results to 
predict the positions of the planets, * While thus 
engaged, I received,' he proceeds, ^ my first intimation 
of the remarkable conjunction of Venus and the sun ; 
and I regard it as a very fortunate occurrence, inasmuch 
as about the beginning of October it induced me, in 
expectation of so grand a spectacle, to observe with 
increased attention,' Nevertheless, his heart was 
wroth within him against Lansberg, insomuch that he 
could not refrain from the extreme step of * forgiving ' 
him in the following agreeable terms : * I pardon, in 
the meantime, the miserable arrogance of the Belgij^i 
astronomer who has overloaded his useless tables with 
such unmerited praise, and cease to lament the mis- 
application of my own time, deeming it a sufficient 
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reward that I was thereby led to consider and to fore- 
see the appearance of Venus in the sun. But, on the 
other hand^ may Lansberg forgive me' (this is charming) 
' that I hesitated to trust him in an observation of such 
importance, and from having been so often deceived by 
his pretensions to universal accuracy that I disregarded 
the general reception of his tables.' * Lest a vain 
exultation should deceive me/ he proceeds, * and to 
prevent the chance of disappointment, I not only de- 
termined diligently to watch the important spectacle 
myself, but exhorted others whom I knew to be fond 
of astronomy to follow my example ; in order that the 
testimony of several persons, if it should so happen, 
might the more effectually promote the attainment of 
truth, and because by observing in different places our 
purpose would be less likely to be defeated by the 
accidental interposition of clouds, or any fortuitous 
impediment.' He was particularly anxious, because 
Jupiter and Mercury seemed by their positions to 
threaten bad weather. * For,' says he, ^ in such ap- 
prehension I coincide with the opinion of the astrologers, 
because it is confirmed by experience ; but in other 
respects I cannot help despising their puerile vanities.' 
Among the astronomers to whom he wrote was his 
i? friend Crab tree. ^ 

* Both these ardent students of astronomy died young. Horrox 
(or Horrocks, as his name is now more commonly spelt) was but twenty 
years old when he calculated the transit, so that his feat may not in- 
aptly be compared to that of Adams in calculating the place of the 
unknown planet Neptune within a few months of taking his degree. 
Each instance oX an early mastery of difficult problems was fated to 
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In what follows I quote the siccount given by 
Horrocks himself of the observations made upon this 
occasion, using the translation given by the Rev. Mr. 
Whatton.1 

* Following the example of Gassendi/ says Horrocks, 
* I have drawn up an account of this extraordinary 
sight, trusting that it will not prove less pleasing to 
astronomers to contemplate Venus than Mercury, 
though she be wrapt in the close embraces of the sun : 

Vinclisque nova ratione paratis 
Admisisse Deos. 

Hail ! then, ye eyes that penetrate the inmost recesses 
of the heavens, and, gazing upon the bosom of the sun 
with your sight-assisting tube, have dared to point out 
the spots on that eternal luminary ! And thou, too, 
illustrious Gassendi above all others, hail ! thou who, 
first and only, didst depict Hermes' changeful orb in 
hidden congress with the sun. Well hast thou re- 
stored the fallen credit of our ancestors, and triumphed 
o'er the inconstant wanderer. Behold thyself, thrice 
celebrated man ! associated with me, if I may venture 
so to speak, in a like good fortune. Contemplate, I 
repeat, this most extraordinary phenomenon, never in 

meet with neglect ; but Horrocks died before justice had been done him. 
Adams was quickly able to prove that his work was sound, notwith- 
standing the coolness with which it had been received by official 
astronomers. Horrocks died in 1641, in his twenty-second year. Crab- 
tree is supposed to have been killed at the battle of Naseby Field. 

* The memoir accompanying Mr. Whatton's translation will be 
found full of interest. The complete work is published by Macintosh, 
24 Patfirnoster Bow. 
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our time to be seen again ! the planet Venus, drawn 
from her seclusion, modestlj delineating on the sun, 
without disguise, her real magnitude, whilst her disc, 
at other times so lovely, is here obscured in melancholy 
gloom ; in short, constrained to reveal to us those 
important truths, which Mercury on a former occasion 
confided to thee. 

^ How admirably are the destinies appointed ! 
How wisely have the decrees of Providence ordered 
the several purposes of their creation! Thou, a 
profound divine, hast honoured the patron of wisdom 
and learning ; whilst I, whose youthful days are scarce 
complete, have chosen for my theme the queen of love, 
veiled by the shade of Phoebus' light. 

^ Whilst I was meditating in what manner I should 
commence my observation of the planet Venus, so 
as effectually to realise my expectations, the recent 
and admirable invention of the telescope afforded me 
the greatest delight, on account of its singular ex- 
cellence and superior accuracy above all other instru- 
ments. For although the method which Kepler 
recommends in his treatise oji Optics, of observing 
the diameter and eclipse of the sun through a plain 
aperture without the aid of glasses, is very ingenious, 
and in his opinion, on account of its freedom from 
refraction, preferable to the telescope ; yet I was un- 
able to make use of it, even if I had wished to do so, 
inasmuch as it does not show the sun's image exactly, 
nor with sufficient distinctness, unless the distance 
from the aperture be very great, which the smallness 
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of my apartment would not allow. Moreover, I was 
afraid to risk the chance of losing the observation ; 
a misfortune which happened to Schickard and 
Mostling, the astronomer to the Prince of Hesse, as 
Gassendi tells us in his " Mercury : " for they, expect- 
ing to find the diameter of Mercury greater than it 
was reasonable to anticipate, made use of so large an 
aperture that it was impossible to distinguish the 
planet at all, as Schickard himself has clearly proved ; 
and even though Venus gave promise of a larger 
diameter, and thereby in some measure lessened this 
apprehension, and I was able to adapt the aperture to 
my own convenience, yet in an observation that could 
never be repeated I preferred encountering groundless 
fears to the certainty of disappointment. Besides, I 
possessed a telescope of my own, of such power as to 
show even the smallest spots upon the sun, and to 
enable me to make the most accurate division of his 
disc ; one which, in all my observations, I have found 
to represent objects with the greatest truth. 

* This kind of instrument, therefore, I consider 
ought always to be preferred in such experiments. 

* Having attentively examined Venus with my 
instrument, I described on a sheet of paper a circle 
whose diameter was nearly equal to six ihches, 
the narrowness of the apartment not permitting me 
conveniently to use a larger size. This, however, 
admitted of a sufficiently accurate division ; nor could 
the arc of a quadrant be apportioned more exactly, 
even with a radius of fifty feet, which is as great a 

c 
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one as any astronomer has divided; and it is in my 
opinion far more conTenient than a larger^ for although 
it represents the sun's image less, vet it depicts it more 
clearly and steadily. I divided the circumference of 
this circle into 360^ in the usual manner, and its 
diameter into thirty equal parts, which gives about as 
many minutes as are equivalent to the sun's apparent 
diameter ; each of these thirty parts was again divided 
into four equal portions, making in all 120; and these, 
if necessary, may be more minutely subdivided ; the 
rest I left to ocular computation, which, in such small 
sections, is quite as certain as any mechanical division. 
Sup[x>se, then, each of these thirty parts to be divided 
into 6r/% according to the practice of astronomers. 
When the time of the observation approached I re- 
tired to my apartment, and having closed the windows 
against the light, I directed my telescope, previously 
adjusted to a focus, through the aperture towards the 
sun and received his rays at right angles upon the 
paper already mentioned. The sun's image exactly 
filled the circle, and I watched carefully and unceasingly 
for any dark body that might enter upon the disc of 
light. 

* Although the corrected computation of Venus's 
motions which I had before prepared, and on the 
accuracy of which I implicitly relied, forbade me to 
expect anything before three o'clock in the afternoon 
of the 24th ; yet since, according to the calculations of 
most astronomers, the conjunction should take place 
sooner — by some even on the 23rd — I was unwilling to 
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depend entirely on my own opinion, which was not suffi- 
ciently confirmed, lest by too much self-confidence 1 
might endanger the observation. Anxiously intent, 
therefore, on the undertaking through the greater part 
of the 23rd, and the whole of the 24th, I omitted no 
available opportunity of observing her ingress. I 
watched carefully on the 24th from sunrise to nine 
o'clock, and from a little before ten until noon, and at 
one in the afternoon, — being called away in the in- 
tervals by business of the highest importance, which for 
these ornamental pursuits I could not with propriety 
neglect.^ But during all this time I saw nothing in the 
sun except a small and common spot, consisting as it 
were of three points at a distance from the centre 
towards the left, which I noticed on the preceding and 
following days. This evidently had nothing to do 
with Venus. About fifteen minutes past three in the 
afternoon, when I was again at liberty to continue my 
labours, the clouds, as if by Divine interposition, were 
entirely dispersed, and I was once more invited to the 

* Presumably, as Mr. Whatton points out, 'the business of the 
highest importance ' here referred to was the duty of conducting di^-ine 
service, as November 24, Old Style, was a Sunday. Mr. Whatton quotes 
the following passage from one of Thomas Hearne's pocket-books, dated 
February 8, 1723: *Mr. Horrox, a young man, minister of Hoole, a 
very poor pittance, within four miles of Preston, in Lancashire, was a 
prodigy for his skill in astronomy, and had he lived, in all probability 
he would have proved the greatest man in the whole world in his 
profession. He had a very strange unaccountable genius, and he is 
mentioned with great honour by Hevelius upon account of his discovery 
of Venus in the sun, upon a Sunday ; but being called away to his 
devotions and duty at church, he could not make such observations as 
otherwise he would have done.' 

c 2 
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Distance 
The Hour of the Cfcutrea 

At 3.16 by the clock 14 24" 

„ 3.36 • „ . . . . . .13' 30'' 

„ 3.45 „ • . 13' 0" 

„ 3.60 the apparent sunset. 

The true setting being 3.45, and .the apparent about 
five minutes later, the difference being caused by- 
refraction. The clock, therefore, was sufficiently 
correct. 

' In the third place, I found, after careful and 
repeated observation, that the diameter of Venus, as 
her shadow was depicted on the paper, was larger, 
indeed, than the thirtieth part of the solar diameter, 
though not more so than the sixth, or at the utmost 

along the line of transit from the place just noted. His picture is too 
elaborate to be given in full, but the accpmpanjdng drawing (fig. 2) 




Fig. 2. — The Transit of 1639, as observed by Horrocks. 

serves sufficiently to show what he observed — v being the position of 
Venus when first observed, v' the position she had reached when the 
son <was about to set. 



-1 
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the fifth of such a part Therefore, let the diameter 
of the sun be to the diameter of Venus as 30' to 1' \2'\ 
Certainly her diameter never equalled 1' SCK', scarcely 
perhaps 1' 20", and this was evident as well when the 
planet was near the sun's limbs as when far distant 
from it. 

* This observation was made in an obscure village, 
where I have long been in the habit of observing, 
about fifteen miles to the north of Liverpool, the 
latitude of which I believe to be 52*' 20', although by 
the common maps it is stated to be 54° 12'; therefore, 
the latitude of the village will be 53** 35', and the 
longitude of both 22° 30' from the Fortunate Islands, 
now called the Canaries. This is 14** 15' to the west 
of Uraniburg, in Denmark, the longitude of which is 
stated by Brahe, a native of the place, to be 36° 45' 
from these islandB. 

^ This is all I oould ob B o r r e ireep^ting this cele- 
brated conjunction during the Aort time the sun 
remained in the horizon: for although Yearn continued 
on his disc for several hours, she was not visible to me 
for longer than half an hour, on account of his so 
quickly setting. Nevertheless, all tke observations 
which could possibly be made in so short a time I 
was enabled by Divine Providence to complete so 
eiFectually that I oould scarcely have wished for a 
more extended period. The incK«atio!i was the only 
point upon which I failed to attain the utmost pre- 
cision ; for, owing to the rapid motion of the sun, it 
was diflScult to observe with certainty to a single 
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degree ; and I frankly confess that I neither did nor 
could ascertain it. But all the rest is sufficiently 
accurate^ and as exact as I could desire.' 

Horrocks was not the only observer of the transit 
of 1639. ^I had written,' he says, ^to my most 
esteemed friend William Crabtree, a person who has 
few superiors in mathematical learning, inviting him 
to be present at this Uranian banquet, if the weather 
permitted ; and my letter, which arrived in good time, 
found him ready to oblige me. He therefore carefully 
prepared for the observation, in a manner similar to 
that which has been before mentioned. But the sky 
was very unfavourable, being obscured during the 
greater part of the day with thick clouds ; and as he 
was unable to obtain a view of the sun, he despaired 
of making an observation, and resolved to take no 
further trouble in the matter. But a little before 
sunset — namely, about thirty-five minutes past three 
— the sun bursting forth from behind the clouds, he 
at once began to observe, and was gratified by behold- 
ing the pleasing spectacle of Venus upon the sun's 
disc. B>apt in contemplation, he stood for some time 
motionless, scarcely trusting his own senses, through 
excess of joy ; for we astronomers have, as it were, a 
womanish disposition, and are overjoyed with trifles, 
and such small matters as scarcely make an impres- 
sion upon others; a susceptibility which those who 
will may deride with impunity, even in my own 
presence ; and if it gratify them, I too will join in t^ie 
merriment. One thing I request : let no severe Cato 
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y^ <4^rir>nt^I^ offended widi oor SoISes : £br. to ^pok 
p'^etically, what joang man on eardi wnaiii ziflxv like 
onraelvwi, foruilj sAxaire Veniia in conjimctiaiL wiii 
f he iitan, pnUkriimdinem dhitiis eattpactam f 

* fkit to retorn* he from hia ecstacv- ami I rrooL 
my di^eiMv>n« In a little while the cloods tigain 
6^>«ir'.nr^ the face of the aun^ so that he couLi oce€°nre 
w^\t\% mffTf^ than that Venns was certainlj on the 
/i;H<; at the time. What he actoallT saw in so dbort 
a »pa/te wan a« follows: In the apartment V<anis 
4fCj^tpitsfl the right side of the sun, being higher dian ics 
tj^tr^f and therefore in the heayens lower, and on the 
Ifffu Hhe was distant at the aforesaid hoar — namelr. 
thirty-five minutes jiast three — a suffidently appre- 
ciahle n]reu'4i (r<nn the sun's left limb, but Crabtree*s 
<f\f\vfvfinu\iy was so limited that he was not able to 
otfserve very minutely either the distance itself or the 
inclination r/f the planet* As well as he coold guess by 
his eye^ and to the best of his recollection, he drew 
u]f(n\ thf; \m\H^ the situation of Venus, which I found 
iff diflor little or nothing from my own observation ; 
tiifV indeed did he err more than Apelles himself 
fnight have done in so rapid a sketch. He found 
the diamet<;r of Venus to be seven parts, that of the 
sun being 200^ which, according to my calculations, 
gives about V Z'\ 

* This observation was made near Manchester, 
called by Antoninus, Mancunium, or Manucium, the 
latitude of which Mr. Crabtree makes 52° 24' ; and 
the ccmimon tables 54° 15'; the longitude 23° 15'; or 
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three minutes of time to the east of Liverpool, from 
which it IS distant twenty-four miles. 

* I wrote also of the expected transit to my younger 
brother, who then resided at Liverpool, hoping that 
he would exert himself on the occasion. This indeed 
he did, but it was in vain ; for on the 24th the sky 
was overcast, and he was unable to see anything, 
although he watched very carefully. He examined 
the sun again on the following day, which was some- 
what clearer, but with no better success, Venus having 
already completed her transit. 

* I hope to be excused for not informing other of 
my friends of the expected phenomenon ; but most of 
them care little for trifles of this kind, preferring rather 
their hawks and hounds, to say no worse ; and although 
England is not without votaries of astronomy, with 
some of whom I am acquainted, I was unable to con- 
Tcy to them the agreeable tidings, having myself had 
so little notice. If others, without being warned by 
me, have witnessed the transit, I shall not envy their 
good fortune but rather rejoice, and congratulate them 
on their diligence. Nor will I withhold my praise from 
anyone who may hereafter confirm my observations 
by their own, or correct them by anything more exact. 

* Venus was visible in the sun throughout nearly 
the whole of Italy. France, and Spain ; but in none 
of those countries during the entire continuance of the 
transit. 

*But America! 

fortunatos nimium, bona si sua norint 
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Venus 1 what riches dost thou squander on unworthy- 
regions which attempt to repay such favours with gold, 
the paltry product of their mines. Let these bar- 
barians keep their precious metals to themselves, the 
incentives to evil which we are content to do without. 
These rude people would indeed ask from us too much 
should they deprive ns of all those celestial riches, the 
use of which they are not able to comprehend. But 
let us cease this complaint, O Venus ! and attend to 
thee ere thou dost depart.' 

On which Horrocks bursts into strains of poetry, 
imploring Venus not to seek those barbarous regions 
for which, even as his eyes were gazing upon her, she 
was hastening. * But ah ! ' he sighs, ^ thou fliest, 

And torn from civil life, 
The savage grasp of wild untutored man 
Holds thee imprisoned in its rude embrace. 
Thou fliest, and we shall never see thee more ; 
While heaven, unpitying, scarcely would permit 
The rich enjo3Tnent of thy parting smile. 
Oh ! then farewell, thou beauteous queen ! thy sway 
May soften natures yet untamed, whose breasts, 
Bereft of native fury, then shall learn 
The milder virtues. We, with anxious mind, 
Follow thy latest footsteps here, and far 
As thought can carry us ; my labours now 
Bedeck the monument for future times 
Which thou at parting left us. Thy return 
Posterity shall witness ; years must roll 
Away, but then at length the splendid sight 
Again shall greet our distant children's eyes.* 
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CHAPTEE IT. 

THE TRANSIT OF 1761. 

From the way in which Horrocks showed how the 
apparent place of Venus on the sun's face must be 
affected by the observer's position, it is tolerably clear 
that he would have been led to perceive how obser- 
vations made from different places could be used to 
determine the sun's distance, had time permitted him 
to correspond with other astronomers. For at the 
beginning of Chapter VI. he says : ^ I beheld Venus 
during the transit, not from the centre, but from the 
surface of the earth, therefore I observed her apparent 
and not her true situation. Her true situation, which 
chiefly concerns us, is only to be obtained by the 
correction of the parallaxes, into which subject I now 
proceed to inquire. The hypotheses of all astronomers 
make the parallax of Venus in so near an approach to 
the earth sufficiently apparent ; but this I shall leave 
to be further considered in a separate treatise.' He 
then shows how the sun's distance enters into the 
determination of the true from the apparent position. 
At the end of the work he speaks again of the pro- 
posed treatise. ^ I had intended,' he says, ^ to offer 
u more extended treatise on the sun's parallax ; but as 
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the subject appears foreign to our present pur|)ose, 
and cannot be dismissed with a few incomplete argu- 
ments, I prefer discussing it in a separate treatise — 
" De syderum dimensione " — which I .have in hand. 
In this work I examine the opinions and views of 
others ; I iuUy explain the diagram of Hipparchus; 
by which the sun's parallax is usually demonstrated, 
and I subjoin sundry new speculations. I also show 
that the hypotheses of no astronomer (Ptolemy not 
excepted — nor even Lansberg, who boasts so loudly 
of his knowledge of this subject) answer to that 
diagram, but that Kepler alone properly understood it. 
I show, in fact, that the hypotheses of all astronomers 
make the sun's parallax either absolutely nothing or 
so small that it is quite imperceptible, whereas they 
themselves, not understanding what they are about, 
come to an entirely opposite conclusion, a paradox of 
which Lansberg affords an apt illustration. Lastly, 
I show the insuflSciency and uselessness of the common 
mode of demonstration from eclipses. I give many 
other certain and easy methods of proving the distance 
and magnitude of the sun, and I do the same with 
regard to the moon and the rest of the planets, adducing 
several new observations.' 

There cannot be a doubt, I think, that had Hor- 
rocks lived to complete this treatise, the methods 
subsequently devised by Halley and Delisle would 
have been found included among the * certain and 
easy methods of proving the sun's distance and mag- 
nitude.' They are so obvious, when once the connec- 
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ion between transits and the solar parallax has been 
oticed, that they could not possibly have escaped the 
l^een insight of the young astronomer, especially as he 
liad actually observed Venus in transit. 

Passing, however, from what might have happened, 
let us consider how, during the interval between 
IHorrocks's transit and the next, the idea of utilising 
transits for the determination of the sun's distance 
presented itself to astronomers. 

Priority in this matter has been claimed for James 
Gregory ; but, as Sir Edmund Beckett points out in 
the last edition of his ^Astronomy without Mathe- 
matics,' on insufficient grounds. In a scholium to the 
87th problem of his Optica Promota, Gregory says 
that ^the problem has a very beautiful application, 
although perhaps laborious, in observations of Venus 
or Mercury when they obscure a small portion of the 
sun ; for by means of such observations the parallax 
of the sun may be investigated.' But the method 
described in the problem, the object of which is to 
determine the parallaxes of two planets by observations 
of their conjunctions, has no practical value. I can- 
not understand on what grounds Prof. Grant, in his 
' Physical Astronomy,' claims for Gregory the credit 
usually attributed to Halley. For if the mere mention 
of the connection between the phenomena of a transit 
and ,the solar parallax be the point insisted upon, 
Horrocks seems clearly to have anticipated Gregory ; 
if the method described by Gregory be insisted upon, 
then, since that. method never has been and nevei:. 
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iMtn\A be applied successfully, Gt^ott casnoc be 
Te,^hTi\fif\ as having anticipated Hallej, the inrentor 
<A a pra^.'ticable method* The very fact that MerearT 
is ass/K'/iated ivith Venus, in the sentence quoted JMm 
Ore^ory's work, shows how little he had grasped the 
idf;a iit Ilallcy's problem, in the solution of which 
transits of Mercury are useless. It is not because of 
th^; intrinsic importance of the invention that I discuss 
the rival claims; for I think that the approach of the 
transits of 1761 and 1769 would probably have forced 
the attention of astronomers to the very simple am- 
siderations on which the matter depends. But, as 
ilalley had !n all probability read the Optica Promota 
(Admiral Smyth thinks Ilalley had certainly done so'), 
the much more important question whether Halley 
treated (irc^ory with fairness is really involved. As 
(iregory dic'd in 1675, only four years before Halley 
menticmcd the utility of observations of Venus in 
transit, it would seriously affect our estimate of Halley's 
character if we adopted Prof. Grant's conclusion. I 
tliink, however, there can be very little question, when 
(ilrogory*M remarks have been carefully studied, that 
Halley must be acquitted of all unfairness. 

On November 7, 1677, Halley, stationed at St. 
Helena, witnessed a transit of Mercury. He noticed 
titat the duration of the transit could be observed very 
exactly, and was thus led to believe that the apparent 

* N<Jvcrth«lcHn, this may be doubted, as Halley was but twenty-one 
ymirs old when the idoa of utilising transits first occurred to him ; and 
it waf only two years Liter that he announced the idea. 
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position of the path of transit of Mercury or Venus 

^otild be very accurately determined. In 1679, in the 

^otalogus Stellarum Australium, we "find his first 

Public mention of the idea. Later, he gave it closer 

attention, and at last, in 1716 (three years before he 

^^came Astronomer Koyal), he contributed to the 

"^ Joceedings of the Koyal Society the following paper ^ 

CX quote Ferguson's translation) :— 

^ There are many things exceedingly paradoxical, 

^nd that seem quite incredible to the illiterate, which 

^et, by means of mathematical principles, may be 

Easily solved. Scarce any problem will appear more 

ixsLvd or diflScuIt than that of determining the distance 

of the sun from the earth, very near the truth ; but 

even this, when we are made acquainted with some 

exact observations, taken at places fixed upon and 

chosen beforehand, will, without much labour, be 

effected. And this is what I am now desirous to lav 

before this illustrious Society (which I foretell will 

continue for ages), that I may explain beforehand to 

young astronomers, who may perhaps live to observe 

these things, a method by which the immense distance 

' * It must be admitted/ says Grant of this essay, * that the ability 
with which Halley expounded the peculiar advantages attending the 
determination of the solar parallax by observations of the transits of 
Venus, the earnestness with which he recommended the practical ap- 
plication of the method, and the weight of his authority on questions 
relating to astronomical science, were mainly instrumental in inducing 
the different Governments of Europe to adopt those liberal proceedings 
for observing the transits of 1761 and 1769 which have led to a more 
accurate knowledge of the dimensions of the solar system than could 
otherwise be hoped for.' 
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of the sun may be truly obtained to within a five- 
hundredth part of what it really is. 

* It is well known that the distance of the sun 
from the earth is by different astronomers supposed 
different ; according to what was judged most probable 
from the best conjecture that each could form. 
Ptolemy and his followers, as also Copernicus and 
Tycho Brahe, thought it to be 1,200 semidiameters 
of the earth; Kepler, 3,500, nearly ; Kicciolus doubles 
the distance mentioned by Kepler, and Hevelius only 
increases it by one-half. But the planets Venus and 
Mercury, having, by the assistance of the telescope, 
been seen in the disc of the sun, deprived of their 
borrowed brightness, it is at length found that the 
apparent diameters of the planets are much less than 
they were formerly supposed; and that the semi- 
diameter of Venus, seen from the sun, subtends no 
more than a fourth part of a minute, or fifteen seconds, 
while the semidiameter of Mercury, at its mean dis- 
tance from the sun, is seen under an angle only of ten 
seconds ; that the semidiameter of Saturn, seen from 
the sun, appears under the same angle ; and that the 
semidiameter of Jupiter, the largest of all the planets, 
subtends an angle of no more than a third part of a 
minute in the sun. Whence, trying the proportions, 
some modem astronomers have thought that the semi- 
diameter of the earth, seen from the sun, would sub- 
tend a mean angle between that larger one subtended 
by Jupiter and that smaller one subtended by Saturn 
and Mercury ; and equal to that subtended by Venus 
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"^namely, fifteen seconds — and have thence concluded 
that the sun is distant from the earth ahnost 1^400 of 
the earth's semidiameters. But the same authors have^ 
on another account, somewhat increased this distance ; 
for inasmuch as the moon's diameter is a^ little more 
than a fourth part of the diameter of the earth, if the 
Bun's parallax should be supposed fifteen seconds, it 
M-Quld follow that the body of the moon is larger than 
that of Mercury; that is, that a secondary planet 
would be greater than a primary, which would seem 
inconsistent with the uniformity of the mundane 
system. And, on the contrary, the same regularity 
and uniformity seems scarcely to admit that Venus, 
an inferior planet, that has no satellite, should be 
greater than our earth, which stands higher in the 
system, and has such a splendid attendant. There- 
fore, to observe a mean, let us suppose the semi- 
diameter of the earth seen from the sun, or, which is 
the same thing, the sun's horizontal parallax, to be 
twelve seconds and a half — according to which the 
moon will be less than Mercury, and the earth larger 
than Venus — and the sun's distance from the earth 
will come out nearly 16,500 of the earth's semi- 
diameters. This distance I assent to at present as the 
true one, till it shall become certain what it is by the 
experiment which I propose. Nor am I induced to 
alter my opinion by the authority of those (however 
weighty it may be) who are for placing the sun at an 
immense distance beyond the bounds here assigned, 
relying on observations made upon the vibrations of a 



'. \ 



pfiwiaiTun, in >Ria' to ie fwiHJi i e liuiee- ^ ji: euc fiug annall 
xn^ifis : hot -rhich. is :r icons, ire- nor ^Bificsenr to be 

di« psrailax. it ^vul xnut >ar ^emedBics iiodiiii^* or 
even nc^shTi*^ — nor is. die iLHaisce wonid. exdier 
betrnoie immite. >r zresLcer rtan inxmite. witick b 
ab:4anL And indeed, ro .-omss 4ie jtuJu ic is hairdlj 
pDflfiibie ibr a man to <iiscinsniaa. wixtL an^r aesr«e of 
t^ertaintv. seconds, or eren red <$eeoiidsw witfi mstnt- 
ments. ler tii&n be r^ver io skiiiiiilTr made. There^Mre 
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it i« not at aH ro be wondered ar rtist the excesare 
nicetT- <it' tida matter has eiuited die maai^ and in- 
giHiinns endeavoms of ?aeiL skiifui opissicoTSw 

' Ahonr £bmr veais :iirn. when I was in tfae idaond 
of St. Helena, ohsoring the :«Cirs- about the sooth pole, 
r had an oppommby «if observhig^. with, the greatest 
dilijrence. Mercmy pasaiur over the <fisc of the son : 
and (which sncceeded better than I eoohi have hoped 
for J I obiierved. with the greatest degree of accoracj, 
hy raeanft of a telescope twentv-foor feet long, the 
very moment when llercury, entering upon the son, 
9ieemeA to touch its limb within, and also the moment 
when going ofF it struck the limb of the son's disc, 
ff/mting the angle of interior contact : whence I found 
thf; interval of time^ during which Mercury then ap- 
jfC^AreA within the sun's disc, even without an error of 
mie nej'j>n(l of time. For the lucid line intercepted 
between the dark limb of the planet and the bright 
lifnb iff the Hun, although exceedingly fine, is seen by 
i\u^ f!y(;, and the little dent made on the sun's limb. 
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by Mercury's entering the disc, appears to vanish in a 
moment ; and also that made by Mercury leaving the 
disc seems to begin in an instant. When I perceived 
this it immediately came into my mind that the sun's 
parallax might be accurately determined by such kinds 
of observations as these, provided Mercury were but 
nearer to the earth, and had a greater parallax from tlie 
snn ; but the difference of these parallaxes is so little 
as always to be less than the solar parallax which we 
seek, and therefore Mercury, though frequently to be 
seen on the sun, is not to be looked upon as fit for our 
purpose. 

* There remains, then, the transit of Venus over 
the sun's disc ; whose parallax, being almost as great 
as the solar parallax, will cause very sensible differ- 
ences between the times in which Venus will seem 
to be passing over the sun at different parts of the 
earth. And from these differences, if they be ob- 
served as they ought, the sun's parallax may be 
determined even to a small part of a second. Nor do 
we require any other instruments for this purpose 
than common telescopes and clocks, only good of their 
kind ; and in the observers nothing more is needful 
than fidelity, diligence, and a moderate skill in as- 
tronomy. For there is no need that the latitude 
of the place should be scrupulously observed, nor 
that the hours themselves should be accuratelv deter- 
mined with respect to the meridian; it is sufficient 
that the clocks be regulated according to the motion 
of the heavens, if the times be well reckoned from 

D 2 
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the total ingress of Venus into the sun's disc to the 
beginning of her egress from it ; that is, when the dark 
globe of Venus first begins to touch the bright limb 
of the sun within ; which moments I know, by my 
own experience, may be observed within a second of 
time. 

* But, on account of the very strict laws by which 
the motions of the planets are regulated, Venus is 
seldom seen within the sun's disc ; and during the 
course of 120 years it could not be seen once — namely, 
from the year 1639 (when this most pleasing sight 
happened to that excellent youth Horrocks, our 
countryman, and to him only since the Creation) to 
the year 1761, in which year, according to the theories 
which we have hitherto found agreeable to the celestial 
motions, Venus will again pass over the sun on May 
26,* in the morning; so that at London about five 
o'clock in the morning we may expect to see it near 
the middle of the sun's disc, and not above four minutes 
of a degree south of the sun's centre.* But the dura- 

* June 6, according to new style. 

' The true time of mid-transit was almost twenty- three minutes past 
five, and Venus, inste^id of being only 4' south of the sun's centre at 
mid-transit, passed more than 94' below that point. The difference in 
tJio bitter respect was much the more important. Hallfey was not un- 
aware of the possibility of error in his computation, since the error 
arose from his neglecting the shifting of the nodes of Venus, described 
farther on (p. 108) ; and he notes that possibly the nodes may shift. 

Anv exact discussion of the phenomena which the transit would have 
presented if Ilalley's comput!itions had been correct would, of course, 
bo idle ; but it may be as well roughly to indicate the actual difierence 
between the transit as it occurred and as Halley computed it. 

In fig. 8, c is the centre of the sun's disc, • b ; t e is the path of 
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tion of this transit will be almost eight hours — namel}', 
from tw^o o'clock in the morning till almost ten. Hence 

Venoa, as eompnUd bj Halley ; t k is the path she actuAllj trarened. 
The time occupied in linrerBiiig i b v&s nliout 6\ hours, whereas the 




time which vould hure been occupied in traTersiDg i t iimouiita tu close 
upon eight hours, being rerj little less thnn that occupied in a, central 
transit. It is manifest, at once, that the chorda of transit i e are much 
more Dearly equal than the chords, i K, so that as fur as mere length of 
transit chord is concerned it would be useless to set the observers far 
apart in a northern and southern direction. But what Halley hoped to 
do was this ; — 

Lot p, fig. *, be the North pole of the earth, trarelling in the direction 
indicated bj the arrow, p being in sanlight, as the dat« is June 6. The 
equator is represented b; «* k e, Now, suppose for a moment that an 
observer at u sees Venus in the direction h v (Veuus herself being sup- 
posed t« lie far beyond the picture oh the right, and above the level of 
the paper, to correspond to the shape given to the terminator between 
light and darkness on the earth). Then, at this moment an obsi'rvec 
at A sees Venus in direction a u, or apparently not so far advanced (since 
she ccmei between tlie earth and sun, moving in the sime direction as 
the earth around the sun, and with a greater velocity). On the other 
hand, the observer at a' sees her in direction a' (/, or appiirently farther 
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Gemini, having almost twenty-three degrees north 
declination, it will be seen without setting at all, 

longitatle of n, m of t, vould depeud on the time at vhich tr.tnsit 
began, BiDce we must have the station which is nt a at the beginning 
carried to tie position b. at the middle. AiM;ording to Hallej'B computi- 
tdoo the middle of the transit would occur at about a iu the evrnirig. or 
mnBt be in seven hours enst longitude at mid-transit. This, then, is the 
loogitade of the equatorial station ; and the longitide of the northern 
■tstioD is therefore to be in fire hours west longitude. 

Piste IV. would hava to be thus altered to illustrate the circum- 
ttmcea of the transit as computed by Hallev : — The two projections, 
instead of touching in Sumatra, should touch about n tliinl of nn hour 
iaither eaat; sines c a corresponda to the length of transit, thp points 
Aandli should be brought nearly two hours in longitude nearer together; 
and of mnne a' and n' should be shilled to correspond. The pnint 
I wonld move to a place near the new position of \, T to a point ne^ir 
the new poHtJon of b, b nesr to the new position of D, and k' neur tJie 
new positioD of d. Thus, u, which is the middle of tlie arc B r, would 
come close to Sumatra, and h' would be near the Galipagos Islands. 
It would have been easy to find a number of stations near H in its new 
position ; but the region e in i, much increased by the shifting of a a 




fig. A. — Illustrating tbe changes to be mads in Plate IV., in order that 
it may correspond to the transit of 1761, as computed hy Halley. 



of the transit, (be region m ti was quite unsuited for the purpose wliicb 
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in almcet aH pore ct tiie o^xdi fii^id xxMie ; and dieie- 
fiore tLe mhaibiiaai? c/ die rcrch ocoss c/ Xonraj, 
beTood the at of Nirir«j€a. wluch k cilled Drootheim, 
as far ae die Xcrdi Cape, will be able to ohsore Venus 
entering the son's £9C : and perliape the it^ieas rf 
Venof opon the son when riang will be seen bj the 
Scotch, in the northern parts of the kingdom, and bj 
the inhabitants of die Shetland Isles^ commonly called 
Thule. Bot at the time when Venos will be nearest 
the son's centre the son will be rerdcal to the ncnrdiem 
shores of the Bar of Bengal, or rather orer the kingdom 
of Pego ; and therefore in the adjacent regions, as the 
sun, when Venos enters his disc, will be almost foor 
hours towards the east, and as manj towards the west 
at the time of her egress, the apparent motion of Venus 
on the sun will be accelerated by almost double the 
horizontal parallax of Venus from the sun ; because 
Venus at diat time is carried with a retrograde motion 
from east to west, while an eye placed upon the earth's 
surface is whirled the contrary way, from east to west. 
Supposing the sun's parallax (as we have said) to be 
\2\'\ the parallax of Venus will be 43'' ; from which, 
subtracting the parallax of the sun, there will remain 
3(y' at least for the horizontal parallax of Venus from 
the sun ; and therefore the motion of Venus will be 
increased 45'' at least by that parallax, while she passes 
over the sun's disc in those elevations of the pole 

hud 1(4 IluUuy to indicate it for occupation ; and the nearest approach 
to li' was within the space d' m' a', near m'. Fig. 6 illustrates the con- 
dltlonit of transit as computed by Halley. 
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which are in places near the tropic, and yet more in 
the neighbourhood of the equator. Now, Venus at 
that time will move on the sun's disc very nearly at 
the rate of four minutes of a degree in an hour ; and 
therefore eleven minutes of time at least are to be 
allowed for 45'', or three-fourths of a minute of a 
degree ; and by this space of time the duration of this 
eclipse caused by Venus will, on account of the paraUax, 
be shortened. And from this shortening of the time 
only w© might safely enough draw a conclusion con- 
cerning the paralla^ which we are in search of, pro- 
Tided the diameter of the sun and the latitude of 
Venus were accurately known. But we cannot expect 
an exact computation in a matter of such subtility. 

^ We must endeavour, therefore, to obtain if possible 
another observation, to be t&ken in those places where 
Venus will be in the middle of the sun's disc at mid- 
night ; that is, in places under the opposite meridian 
to the former, or about six hours or ninety degrees 
west of London, and where Venus enters upon the 
sun a little before its setting, and goes off a little after 
its rising. And this will happen under the above- 
mentioned meridian, and where the elevation of the 
north pole is about fifty -six degrees ; that is, in a part 
of Hudson's Bay near a place called Port Nelson. 
For, in this and the adjacent places, the parallax of 
Venus will increase the duration of the transit by at 
least six minutes of time ; because while the sun from 
its setting and rising seems to pass under the pole, 
those places on the earth's disc will be carried with a 
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motion from east to west contrary to the motkm of the 
Ganges ; that is^ with a motion conspiring with the 
motion of Venus; and therefore Venas will seem to 
move more slowly on the sun, and to be longer in 
passing over its disc. 

^ If therefore it should happen that this transit should 
be [jroperly observed by skilful persons at both thcac 
places, it is clear that its duration will be seventeen 
minutes longer as seen from Port Nelson, than as 
seen from the East Indies. Nor is it of much con- 
sequence (if the English shall at that time give any 
attention to this affair) whether the observation be 
made at Fort George, commonly called Madras, or 
at Bencoolen, on the western shore of the island of 
Sumatra, near the equator. But if the French should 
be disposed to take any pains herein, an observer may 
station himself conveniently enough at Pondicherry, 
on the west shore of the Bay of Bengal, where the 
altitude of the pole is about twelve degrees. As to 
the Dutch, their celebrated mart at Batavia will afford 
them a place of observation fit enough for the purpose, 
provided they also have but a disposition to assist in 
advancing, in this particular, the knowledge of the 
heavens. And indeed I could wish that many obser- 
vations of this famed phenomenon might be taken by 
different persons at separate places, both that we 
might arrive at a greater degree of certainty by their 
agreement, and also lest any single observer should 
be deprived by the intervention of clouds of a sight 
which I know not whether any man living in this or 
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the next age will ever see again ; and on which depends 
the certain and adequate solution of a problem the 
most noble^ and at any other time not to be attained 
to. I recommend it therefore again and again to those 
curious astronomers who (when I am dead) will have 
an opportunity of observing these things, that they 
would remember this my admonition, and diligently 
apply themselves with all their might in making this 
observation, and I earnestly wish them all imaginable 
success : in the first place, that they may not by the 
unseasonable obscurity of a cloudy sky be deprived of 
this most desirable sight, and then, that having ascer- 
tained with more exactness the magnitudes of the 
planetary orbits, it may redound to their immortal 
fame and glory. 

' We have now shown that by this method the 
sun's parallax may be investigated to within its 500th 
part, which doubtless will appear wonderful to some. 
Eut if an accurate observation be made in each of 
the places above marked out, we have already demon- 
strated that the durations of this eclipse made by 
Venus will differ from each other by 17 m. of time ; 
that is, upon a supposition that the sun's parallax is 
J 2^''. But if the difference shall be found by obser- 
vation to be greater or less, the sun's parallax will be 
greater or less nearly in the same proportion. And 
since 17 m. of time are answerable to 12^^' of solar 
parallax, for every second of parallax there will arise 
a difference of more than 80 s. of time ; whence if we 
have this difference true to two seconds it will be certain 
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what the sun's parallax is to within a 40th part of T^ ; 
therefore his distance will be determined to within its 
500th part at leasts if the parallax be not found less than 
what we have supposed : for 40 times 12^ make 500. 

^ And now I think that I have explained this 
matter fully, and even more than I needed to have 
done to those who understand astronomy ; and I would 
have them take notice that on this occasion I have 
had no regard- to the latitude of Venus, both to avoid 
the inconvenience of a more intricate calculation, 
which would render the conclusion less evident, and 
also because the motion of the nodes of Venus is not 
yet discovered, nor can be determined but by such 
conjunctions of the planet with the sun as this is. 
For we conclude that Venus will pass four minutes 
below the sun's centre, only in consequence of the 
supposition that the plane of Venus's orbit is im- 
movable in the sphere of the fixed stars, and that its 
nodes remain in the same places where they were 
found in the year 1639. But if Venus in the year 
1761 should move over the sun in a path more to the 
south, it will be manifest that her nodes have moved 
backwards among the fixed stars ; and if more to the 
north, that they have moved forwards; and that at 
the rate of 5^' of a degree in 100 Julian years, for 
every minute that Venus's path shall be more or less 
distant than the above-said 4^ of the sun's centre. 
And the difference between the duration of these 
eclipses will be somewhat less than 17 m. c^ time, on 
account of Venus's south latitude ; but greater if by 
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the motion of the nodes forwards she should pass on 
the north of the sun's centre.' 

The rest of Halley's dissertation I omit^ because 
it relates to the details of the transit as incorrectly 
computed by him^ and therefore possesses no present 
interest. 

As I have said it was not until three years after 
his essay appeared that Halley became Astronomer 
Royal. It does not appear that during the remaining 
years' of his life he made any farther contribution to 
the subject. He died on January 14, 1742, more 
than nineteen years before the transit occurred. 

As the time for the transit drew near astronomers 
began to examine carefully the motions of Venus, in 
order to ascertain how far the conditions on which 
Halley's computation had been based were really 
fulfilled. Passing over, however, a paper by Tre- 
buchet, pointing out inaccuracies in Halley's disser- 
tation, it was not until August 1760, or less than a 
year before the transit took place, that the conditions 
on which successful observation depended were pointed 
out by Delisle. He published a chart of the earth 
on an equatorial projection, showing the hour at which 
the transit would begin or end. The chart corresponded, 
in fact, to Plate IV., meridional projections being sub- 
stituted for the equatorial projections there used. It 
will be understood, however, that Delisle did not claim 
for his chart the degree of accuracy aimed at in 
Plate IV. He showed that the stations selected by 
Halley were not suited to the actual conditions of the 
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transit, and that in fact the transit could not be well 
observed by the method of durations. He showed 
how, at suitably selected stations, whose longitude had 
been accurately determined, the single observation of 
a contact, whether at ingress or egress, would supply 
the means of determining the solar parallax. For 
the description of his method the reader is referred to 
Chapter IV. 

Ferguson, in England, seems to have independently 
arrived at the same conclusion, not long after ; at least 
his treatise on the subject suggests the impression that 
he had selected his own method of dealing with it, and 
had carried his analysis nearly to its completion when 
Del isle's paper and map reached him. He found that 
' instead of passing only four minutes of a degree below 
the sun's centre, Venus will pass almost ten minutes of 
a degree below it, on which account the line of the 
transit will be so much shortened as will make her 
passage over the sun's disc about an hour and twenty 
minutes less than if she passed only four minutes below 
the sun's centre at the middle of her transit; and 
therefore her parallax from the sun will be so much 
diminished, both at the beginning and end of her transit, 
and at all places from which the whole of it will be 
seen, that the difference of its duration, as seen from 
them, and as supposed to be seen from the earth's 
centre, will not amount to eleven minutes of time. But 
this is not all; for although the transit will begin 
before the sun sets to Port Nelson, it will, be quite 
over before he rises to that place next morning, on 
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account of its ending so much sooner than as given by 
the tables to which Dr. Halley was obliged to trust. 
So that we are quite deprived of the advantage that 
otherwise would have arisen from observations made at 
Port Nelson.' 

Ferguson gave a chart of the transit on the same 
plan as I have used in Plates II.-IX. The chart 
was taken directly from Delisle, however, as Fergu- 
son tells us, only * I have changed,' he says, * his 
meridional projections into that of the equatorial ; by 
which I apprehend that the curved lines showing at 
what places the transit begins or ends with the rising 
or setting sun appear naore natural to the eye and 
are more fully seen at once than in the map from 
which I copied ; for in that map the lines are inter- 
rupted and broken in the meridian that divides the hemi- 
sphere, and the places where they should join cannot be 
perceived so readily by those who are not well skilled 
in the nature of the stereographical projections.' It 
shows how clear an insight Ferguson had obtained into 
the conditions of the transit, that, commenting on his 
charts, in which the line, B A of Plate IV., passes down 
the eastern shore of the Red Sea, while a! b' crosses 
Madagascar, he says : * I question much whether the 
transit will begin at sunrise to any place in Africa that 
is west of the Red Sea, and am pretty certain that the 
sun will not be risen to the northernmost part of Mada- 
gascar when the transit begins, so that the line,' corre- 
sponding to A B, A^ B^ of Plate I v., ' seems to be a little 
too far west in the map at all places which are south 
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of Asia Minor; bat in Europe I think it is Terj 
well' 

The actual circumstances of the tranat of 1761 in 
diflTerent parts of the earth can be inferred with soflB- 
cient accuracy from what is shown in Plate IV. Here 
the arcs a i b and a^ i^ b^ separate the dark and light 
hemispheres of the earth at the beginning of the transit, 
while the arcs c £ D and & if t/ separate the dark and 
light hemispheres at the end of the -transit. Thus the 
beginning of transit was visible at all places on the 
hemisphere formed by combining the sections a i B d and 
A^ i^ B^ j/, and the end of the transit was Tisible at all 
places on the hemisphere formed bj combining the 
sections c e d a and & y! d' a'. .The whole of the 
transit was visible over the spaces T>eix and d' m' a' ; 
but in the space i m e^ though the beginning and end 
of the transit were seen, the progress of the transit 
was not wholly visible. No part of the transit was 
visible over the spaces b m c and Bf f e^ cf ; but in 
the space i' mf ^, though neither the beginuing nor 
the end were visible, the progress of the transit was 
partially visible. At all points of the arcs A i B and 
a' i' b^ the ingress occurred with the sun on the horizon; 
but whereas the sun was rising for the arcs a i and a' f, 
he was setting for the arcs b i and b' i' : at all points 
of the arcs c e d and c' e^ d' the egress occurred with 
the sun on the horizon ; but whereas the sun was 
rising for the ares c e and c' e', he was setting for the 
arcs D e and D^ ^. At the points m and wi' the sun 
was on the horizon both at ingress and at egress ; but 
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whereas the progress of the whole transit, except ingress 
and egress, took place during the night at m, it took 
place during the day at m\ In all that has here been 
said, the passage of Venus's centre has been alone con- 
sidered. 

The point i^ was that where ingress occurred 
earliest, the point i being that where ingress occurred 
latest. It was around these points, then, that observers 
of ingress by Delisle's method were to be placed, keep- 
^°S» of course, to that side of the arcs a' b' and a b 
on which the sun would be above the horizon at the 
tinae of ingress. We see that several islands were con- 
veniently placed near i' for showing accelerated ingress, 
tno-ugh they were not very well known in those days. 
Ta^ eastern parts of Arabia and parts of India 
afforded convenient stations near i for observing: re- 
^**<3ed ingress. 

The point e was that where egress occurred earliest, 
^ teing that where egress occurred latest. Karas- 
^^^tka, Japan, and Manchooria afforded convenient 
8ta.t:ions for observing accelerated egress, while the Cape 
^^ Good Hope was well placed for observing retarded 
^Si:'€ss.^ 

As regarded the application of Halley's method — 
^^at is, the observation of duration where greatest and 
^^^st — the transit was not a favourable one. h was the 



' Encke, in ] 822, found the following elements for the transit of 
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place where transit had the shortest duration, H^ being 
the place where, if the transit had been visible, its 
duration would have been least. Stations near h 
could of course be occupied, as here the summer of 
Siberia was in progress. But we see that there was 
no station at all near to h' whence the whole transit 
could be seen. The point wi' was geometrically the 
most advantageous, but there the sun was upon the 
horizon. The south-western extremity of Australia or 
the island of St. Paul were the only regions available, 
and they were almost as far from H^ as from H. In 
point of fact, Halley's method failed totally on this 
occasion. It commonly fails at the earlier transit of a 
pair separated by eight years, as will be shown in the 
next chapter; but it is worthy of notice that the 
circumstances of the transit of 1761 in this respect 
were very much like those of the coming transit of 
1882. Although the transit of 1882 will be the 
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second transit of a pair, its geometrical superiority is 
counterbalanced by the inaccessibility of the antarctic 
as compared with the arctic regions. 

I do not know that any useful purpose could be 
served by inserting here an account of the various 
observations of the transit of 1761 made by the persons, 
176 in number, who took a more or less important share 
in the work at no less than 117 stations. Presently 
the peculiar phenomena which rendered the observation 
of internal contact uncertain will be described ; but 
the' mere records of time observations have no special 
interest. A few examples may suffice to show this. 

We see from Plate IV. that the beginning of the 
transit was invisible in the western parts of Europe, 
but the latter half was visible there, though not under 
specially advantageous circumstances. We have the 
following particulars respecting the observations in 
London at Greenwich : * Early in the morning, when 
every astronomer was preparing for observing the 
transit, it unluckily happened that, both at London and 
the Royal Observatory at Greenwich, the sky was so 
overcast with clouds as to render it doubtful whether 
any part of the transit would be seen, and it was 38 m. 
21 8. past 7 o'clock, apparent time, at Greenwich when 
the Rev. Mr. Bliss, our Astronomer Royal, first saw 
Venus on the sun. . , From that time to the beginning 
of egress the Doctor made several observations, both of 
the difference of right ascension and declination of the 
centres of the sun and Venus, and at last found the 
beginning of egress, or instant of the internal contact 

B 2 
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of Venus with the sun's limb^ to be at 8 hours 1 9 minutes 
seconds apparent time. . . . By the means of three 
good observations the diameter of Venus on the sun 
was 58 seconds of a degree.' * Mr. Short made his 
observations at Savile House, in London, 30 seconds 
in time west of Greenwich, in presence of His Royal 
Highness the Duke of York, accompanied by Their 
Royal Highnesses Prince William, Prince Henry, and 
Prince Frederick.' So the account runs. We are not 
told whether the Duke of York actually honoured 
Venus by directing His Royal gaze upon her during her 
transit, or whether Their Other Royal Highnesses made 
any observations; but as Venus was under observation 
for about 3^ hours, we may suppose that these exalted 
persons did not lose the opportunity of witnessing a 
phenomenon so seldom seen. Venus, all unconscious of 
the honour, moved onwards to egress, contact occurring 
at 8 h. 18 m. 15^ s, apparent Greenwich time, or 
8^ s. sooner than at Greenwich. At Stockholm the 
whole transit was observed by Wargentin, the whole 
duration (between the internal contacts) being 5 h, 
50 m. 45 8,, cori^sponding to a little over six hours 
for the passage of the centres. At Stockholm, as we 
see from Plate IV., the transit was shortened as com- 
pared with the mean duration. 

Chappe d^Auteroche was stationed at Tobolsk, in 
Siberia — an importanr station for the Halleyan method 
(see Plate IV.), if any stations had been available 
for observing lengthened durations. The transit, as 
observed by him, lasted 5 h. 48 m. 32^ s., or nearly 
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2 m. less than at Stockholm. Chappe had some 
trouble in reaching Tobolsk in time for his observations. 
He started at the end of November 1760, and reached 
St. Petersburg readily enough; but the journey 
thence to Tobolsk was not completed without incon- 
venience and even serious dangers. He reached 
Tobolsk on April 10, 1761, the voyage having lasted 
five months. 

England sent out an expedition intended for Ben- 
coolen, in Sumatra, apparently because that station had 
been mentioned in Halley's dissertation ; for Sumatra, 
almost midway between H and m' (Plate IV.), offered 
no advantages for the observation of durations, and was 
altogether too far removed both from i and e to be of 
the least service as a Delislean station. Fortunately the 
ship was attacked by a Spanish war-ship on the road, 
and had to put in at the Cape, where very useful obser- 
vations of the retarded egress were made. Another 
English expedition was sent to St. Helena, a station 
where retarded egress was observable, but by no 
means advantageously. At Madras, Mr. Hirst, and 
at Calcutta, Mr. Magee (whom M. Dubois converts 
into Magec) observed the duration of transit, obtain- 
ing respectively theperiods 5 h. 51 m. 43 s., and 5 h. 
50 m. 36 s., values which differ much more from each 
other than parallax will account for. As Ferguson well 
remarks of the whole series of observations : * Whoever 
compares the times of the internal contacts, as given 
by different observers, will find such difference among 
them, even those which were taken from the same spot. 



54 TltANSlTS OF VENUS, 

as ^ill show that the instant of either contact could 
not be so accurately perceived by the observers as 
Dr. Halley thought it could, which probably arises 
from the difference of people's eyes and the different 
magnifying powers of those telescopes through which 
the contacts were seen. If all the observers had made 
use of equal magnifying powers there can be no doubt 
that the times would have more nearly coincided, since 
it is plain that, supposing all their eyea to be equally 
quick and good, they whose telescopes magnified most 
could perceive the point of internal contact soonest 
and of the total exit latest.' 

Le Gentil, who had been appointed to observe at 
Pondicherry, was very unfortunate. The following 
account is taken from M. Dubois' admirable work 
already referred to : * On account of the distance of 
the station where he was to observe the transit, Le 
Gentil set out from France on March 26, 1760. The 
observation he hoped to make at Pondicherry was 
curious and interesting, says J. D. Cassini ; in fact, he 
would have seen the whole transit, and the middle 
would have occurred when the sun was nearly on the 
meridian at about ten degrees from the zenith. Le 
Gentil arrived at the Isle of France on July 10, 1760, 
that is to say, nearly a year before the expected 
transit ; but the war which arose at that epoch between 
France and England rendered it no longer possible 
for him to go to Pondicherry. He resolved to betake 
himself to Rodriguez, awaiting meanwhile the pro- 
gress of events. He was just setting off for this new 
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Station, where also De Pingr^ was to observe, when he 
Xeamed that^ a French frigate was about to leave the 
Isle of France for the coast of CoromandeL Le Gentil 
xesolved to avail himself of this opportunity to go to 
iiie place selected by the Academy of Sciences ; but 
le was not able to leave the Isle of France on board 
this frigate till about the middle of March 1761. It 
was already very late. The frigate carrying the 
French astronomer experienced at first long-continued 
calms, which were enough to cause Le Gentil to 
despair, and which did not permit him to reach the 
coast of Malabar before May 24. To increase his ill- 
fortune, the commander of the frigate learned that the 
English were masters of Mahe and Pondicherry. The 
frigate had no other resource but to take flight without 
delay. This she did; and, to the utter despair of Le 
Gentil, she retook her way towards the Isle of France. 
The 6th of June arrived I The frigate was in 87'' 
East longitude (from Paris), and 5® 45^ South latitude. 
The sky was clear, the sun splendid I The unfortunate 
Le Gentil, unwilling to be altogether idle, observed 
the transit on board the ship, taking all possible care. 
He noted the times of ingress and egress ; but with 
what degree of approximation were those times ob- 
tained, even admitting that those he noted coincided 
exactly with the instant of the contacts ? The voyage 
of the French Academician ended thus in failure. 
Le Gentil then experienced one of those mishaps which 
assume to the man of science all the proportions of a 
real misfortune — to have traversed so large a portion of 
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the globe, to have endured all the weariness, all the 
privations, all the perils of a long sea- voyage, and to 
effect nothing I This was enough to have disgusted 
anyone with scientific observation, or at least with 
Halley's method. We shall presently see, however, 
when dealing with the transit of 1769, that Le Gentil, 
so far as that method was concerned, had not yet seen 
the last of his troubles.' 

De Pingre reached Kodriguez in May 1761 ; and 
although he had to observe in the open air, and could 
scarcely find a place where to keep his clock out of the 
wind, his observations were among the best of those 
effected during the* transit of 1761, 

The results of the observations were far from 
satisfactory, the values of the solar parallax deduced 
by mathematicians ranging between 8''*5 and 10^' '5, 
corresponding to a distance of the sun ranging from 
96,162,840 miles to 77,846,110 miles. From a com- 
parison of a great number of observations made by 
Short the parallax 8''*5 was deduced for the day of 
the transit, corresponding to 8''*65 for the earth's 
mean parallax, or a distance of 94,498,420 miles. In 
1822, Encke> then sub-director at Seeberg, deduced 
from the observations made in 1761 a parallax lying 
between the extreme limits 8'' -429813 and 8'' -551237, 
corresponding to the distances 97,000,000 miles and 
95,600,000 miles. 

These discrepancies were no doubt due to two 
chief causes. In the first place, the observations were 
mostly Delislean, and in the last century means did 
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not exist for the determination of the longitude with 
the degree of accuracy which was required. Secondly, 
it was found that the phenomena attending the ingress 
and egress of Venus are not so simple as Halley had 
supposed, when he stated that the time of internal con- 
tacts can be determined within a single second of time. 
Halley had reckoned on the appearances presented 
during a transit such as he had observed at St. 
Helena, when the sun was high above the horizon, 
and the small disc of Mercury was little disturbed by 
atmospheric . effects. But at most of the stations 
for effectively observing the transit of Venus in 1761, 
and at all those best suited for applying Delisle^s 
method, the sun was not far from the horizon, and the 
outline of Venus was seriously affected by atmospheric 
undulations. Moreover, an optical phenomenon which 
had not attracted Halley's attention was presented 
during the transit of 1761, and caused the observations 
to be much less reliable than they would otherwise 
have been. The disc of Venus was found to assume 
near the time of internal contact a distorted form. In 
sonie cases she seemed to be attached to the edge of 






Fig. 6. — Illustrating the Black Drop. 

the sun by a dark ligament of greater or less breadth, 
as shown at 1, 2, and 3> fig« 6; in other cases she 
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appeared shaped like a pear^ while in others she was 
altogether distorted by the combined effect of atmo- 
spheric disturbances and the optical distortion (what- 
ever its real nature may be) which causes the black 
drop and pear-shape figures. 

This was the first occasion on which the peculiar 
appearances in question were noted ; but as the diffi- 
culty thus introduced affected the discussion of the 
observations made during both the transits of the last 
century, this will be a convenient place for describing 
what was seen in 1769 as well as in 176L Professor 
Grant has collected together in his fine * History of 
Physical Astronomy ' several of the most interesting 
observations of this kind, and from his work I quote 
the following cases : — 

Mr. Hirst, who observed the transit of 1761 at 
Madras, stated that ^ at the total' hnmersion the planet, 
instead of appearing truly circular, resembled more 
the form of a bergamot pear, or, as Governor Pigott 
then expressed it, looked like a ninepin ; yet the pre- 
ceding limb of Venus was extremely well defined.' 
With respect to the end. of the transit, he remarked 
^ that the planet was as black as ink, and the body 
truly circular, just before the beginning of egress, yet 
it was no sooner in contact with the sun's preceding 
limb, than it assumed the same figure as before at the 
sun's subsequent (following) limb ; the subsequent limb 
of Venus keeping well-defined and truly circular.' 

A similar appearance was observed by Salunde at 
Paris, by Bergman at Upsal, and also by several other 
individuals. 
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Dr. Maskelyne^ who observed the transit of 1769 
at Greenwich, gives the following description of a 
phenomenon of a similar nature witnessed by him at 
the egress of the planet : — 

* The regularity of Venus's circular figure was 
disturbed towards the place where the internal contact 
should happen by the addition of a protuberance dark 
like Venus and projecting outwards, which occupied 
a space upon the sun's circumference which bore a con- 
siderable proportion to the diameter of Venus. Fifty- 
two seconds before the thread of light was formed, 
Venus's regular circumference (supposed to be con- 
tinued as it would have been without the protuberance) 
seemed to be in contact with the sun's circumference, 
supposed also completed. Accordingly, from this time 
Venus's regular circumference (supposed defined in the 
manner just described) appeared wholly within the 
sun's circumference, and it seemed, therefore, wonderful 
that the thread of light should be so long before it 
appeared, the protuberance appearing in its stead. 
At length when a considerable part of the sun's cir- 
cumference (equal to one-third or one-fourth of the 
diameter of Venus) remained still obscured by the 
protuberance, a fine stream of light flowed gently 
round it from each side, and completed the same in 
the space of three seconds of time. But the protube- 
rance, though diminished, was not taken away till about 
twenty seconds more; when, after being gradually 
reduced, it disappeared, and Venus's circular figure 
was restored. 
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Dr. B'evis states in the account of his observations 
that ^ the planet seemed quite entered upon her disc, 
her upper limb being tangential to that of the sun ; 
but instead of a thread of light, which he expected 
immediately to appear between them, he perceived 
Venus to be still conjoined to the sun's limb by a 
slender tail, nothing near so dark as her disc, and 
shaped like the neck of a Florence flask. The said 
tail vanished at once ; and fpr a few seconds after, the 
limb of Venus, to which it had befen joined, appeared 
more prominent than her lower part, somewhat like 
the lesser end of an egg, but soon resumed its rotun- 
dity.' 

The Rev. Mr. Hirst thus describes the appearance 
presented during the transit: *The same phenomena 
of a protuberance which I observed at Madras in 1761, 
at both internal contacts, I observed again at this last 
transit. At both times the protuberance of the upper 
edge of Venus diminished nearly to a point before the 
thread of light between the concave edge of the sun 
and the concave edge of the planet was perfected, 
when the protuberance broke off from the upper edge 
of the sun, but Venus did not assume its circular form 
till it had descended into the solar disc some distance.' 

Mr. Dunn, who observed the transit at Greenwich, 
remarks that ^ he saw the planet held as it were to the 
sun's limb by a ligament formed of many black cones 
whose basefe stood on the limb of Venus, their veilices 
pointing to the limb of the sun.' 

^ Mr. Pigott states that Venus, before she separated 
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from the sun, was considerably stretched out towards 
his limb, which gave the . planet nearly the form of a 
pear ; and even after the separation of the limbs Venus 
was twelve or nine seconds before she resumed her 
rotundity.' 

The following cases, with their accompanying illus- 
trations, serve at once to indicate the nature and 
suggest the explanation of the peculiar appearances 
presented by Venus when nearly at internal contact. 

Fig. 7 represents the appearance presented by 
Venus as observed by Mayer at St. Petersburg, in 
1769. A reference to Plate V. will show that at St. 




Fig. 7. — Appearance presented by Venus at Internal Contact, as 

observed by Mayer. 

Petersburg the sun was almost upon the horizon at 
the moment of ingress, and close to the horizon at the 
moment of egress. There can be no doubt that the 
distorted appearance of Venus is due to atmospheric 
disturbances, such as are always recognisable when 
the sun is observed low down. I may remark that 
fig. 7 corresponds precisely to what I observed when 
examining the artificial transit of Venus as arranged 
at Washington, on a morning when the atmosphere 
was unusually disturbed. The American astronomers 
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consider that the corresponding arrangements at Green- 
wich are not so good as their own, because the distance 
between the observer and the artificial * Sun and Venus ' 
is not great enough to permit the study of these at- 
mospheric effects. We see clearly enough from Mayer's 
observation that such effects, though they would not 
be nearly so great with the sun even moderately raised 
(say 10^) above the horizon, must always be taken 
into account The edge of the sun even at a con- 
siderable height is always rippled by the effects of 
atmospheric undulations. So also necessarily must 
the outline of Venus be rippled, and it is the contact 
of two rippling outlines, not of two sharply defined 
discs, that the astronomer is called upon to observe. 

The next picture (fig. 8) is from a drawing by Bay ley 
at Nord Cap. In this case the sun was raised about 




Fig. 8. — Contact of Venus, as observed by Bayley at Nord Cap. 

\(f from the horizon, but the blurred outline given to 
the sun indicates the existence of imperfect atmospheric 
conditions, and we may partly attribute to this cause 
the wideness of the connecting ligament when contact 
was actually established. 

Fig. 9 is from a drawing by Hirst, who observed 
the ingress at Greenwich ; while fig. 10 shows how 
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Venus Appeared to Bevis, who observed at Kew under 
nearly the same conditions. 




Fig. 9.— The Black Drop, as observed by Hirst. 

There has been much discussion as to the cause 
of the * black drop,' and in some instances considerable 
energy has been evinced in the attempt to show that 




Fig. 10. — The Black Drop, as observed by Bevis. 

this or that cause is the true one. It appears probable 
that the phenomenon is occasioned by the combina- 
tion of several causes, and is widely variable in its 
extent. The general cause — by which I mean the 
resultant of the various causes in operation — is mani* 
festly an apparent extension of the sun's disc, and an 
apparent contraction of the disc of Venus. Suppose, 
for instance, that the arc 8 s'v' (fig. 11) represents 
part of the true outline of the sun, then this outline 
appears shifted outside its true place, or to the position 
indicated by the boundary between light and shade in 
the figure ; and the apparent outline of Venus is shifted 
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from s' V Vy its true position, to that shown by the out- 
line of the black disc. Supposing this shifting of the 
outline to be uniform, and to continue unchanged in 





Fig. 11. Fig. 12. 

Illustrating the Formation of the * Black Drop.' 

extent, as Venus gradually passes on to the sun's face, 
it is clear that at the moment of true contact, when 
the real outlines touch, as shown in fig. 12, the ap- 
parent outlines will belong to two circles which are 
far from touching. But at the actual point of contact, 
where the widening of one outline and the contraction 
of the other cannot be supposed to act, there will still 
remain a fine black ligament. Under less perfect 
conditions this moment of true contact would not be 
attained, and instead of a fine ligament being seen 
just before Venus separated from the sun's edge, a 
wider ligament would be observed. 

Thus far I have only indicated the general cause. 
And it may be said that this general cause is demon- 
strated by the observed effects. But we must now 
consider how this general cause is itself brought about ; 
and herein lies the difficulty of the matter, whether 
regarded as a problem or considered with reference to 
the practical mastery of this occasion of error. 
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Firsts we have the rippling I have spoken of. 
Taking any point on the outline of the sun's disc or of 
Venus's, that point is swayed backwards and forwards 
across its true position by the effect of atmospheric 
undulation, the range of oscillation being greater 
or less according as the atmosphere is more or less 
perturbed, and as the sun is observed nearer to or 
farther from the horizon. A moment's consideration 
will show that the effect of such oscillations, operating 
all round both discs, must be to cause the sun's disc 
to cover (on the whole) a larger space than it should, 
while the disc of Venus covers a less space than it 
should. For there is a certain fringe of space all 
round both discs which is partially illuminated by 
these oscillatory movements, and this partial illumi- 
nation extends the sun's disc outwards and contracts 
that of Venus. Probably this cause has but a small 
share in producing the general effect, except when the 
sun is low down. 

Secondly 9 there is the optical effect caused by the 
fact that the image of a bright point is not itself a 
point. And here we have three causes in operation, 
which we may consider together. First, in the most 
perfect telescope the image of a point is what is called 
the * circle of least confusion ' between the two linear 
(or almost linear) foci. Secondly, diffraction affects 
the dimensions of the focal image of a point of light. 
And thirdly, if the telescope is defective, spherical 
aberration may operate so as seriously to affect the 
definition. All these causes combine to alter the 

F 
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image of each point of the outlines of tim ann and 
Venus into a small disc of light instead (if a point. 
The result necessarily is that the outlines extend be- 
yond the true boundary of light and dark ; that is, the 
disc of the sun is enlarged and that of Veuus is con- 
tracted. 

Thirdlff, there is a cause which might, perhaps, 
have heeu combined with the last — the qualities of the 
eye regarded as an optical instrument; for the image 
of a point on the retina is not a point but a minute 
circle, even when the object is viewed directly. 

Fourthly, there is the effect called iiTadiation, by 
which the apparent size of a bright object is enlarged. 
This effect will be greater or less according as the 
contrast between the bright object and the dark back- 
ground on which it is projected is greater or less. 
Moreover, it appears that irradiation not only difiera 
in amount with different observers, hut varies even 
with the same observer at different times. Nay, ita 
amount varies from moment to moment with the vary- 
ing mental effort made by the observer to ascertain, 
more or less exactly, the true outline of the observed 
object. 

We cannot wonder if the observations of the 
transit of 1761, affected as they were by peculiarities 
of appearance resulting from these various causes, for 
the operation of which observers were not on that 
occasion prepared, led to no trustworthy results. i 

L J 
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CHAPTER III. 

THE TRANSIT OF 1769. 

The general impression among astronomers, after the 
observations of 1761 had been discussed, was that too 
much reliance had been placed on Delisle's method. 
* Experience,' wrote J. D. Cassini, later, in his ^ His- 
toire du Passage de 1769,'^ is our chief instructor; 
the fruit of its lessons indemnifies us for the value of 
the years they cost us. The principal end had been 
missed, in 1761, for want of observations in places 
where the durations differed sufficiently. It was 
essential not to experience a second time the same 
disadvantage.' 

Among the first statements published respecting 
the transit of 1769 was that by the ingenious Ferguson, 
who wrote as follows in 1762 : ^ On the 3rd of June, 
in the year 1769, Venus will again pass over the sun's 
disc, in such a manner as to afford a much easier and 
better method of investigating the sun's parallax than 
her transit in the year 1761 has done. But no part 
of Britain will be proper for observing that transit,^ 

* This was an error, due to Ferguson's reliance on Bailey's tables ; 
not, I need hardly say, the tables by which HaUey had arrived at his 

r2 
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so as to deduce anything with respect to the sun's 
parallax from it, because it will begin but a little 
before sunset, and will be quite over before two o'clo<:k 
next morning. The apparent time of conjunction of 
the sun and Venus, according to Dr. Halley's tables, 
will be at thirteen minutes past ten o'clock at London, 
at which time the geocentric latitude of Venus will 
be full ten minutes of a degree north from the sun's 
centre ; and therefore, as seen from the northern 
parts of the earth, Venus will be considerably de- 
pressed by a parallax of latitude on the sun's disc ; 
on which account the visible duration of the transit 
will be lengthened ; and in the southern parts of the 
earth she will be elevated by a parallax of latitude on 
the sun, which will shorten the visible duration of the 
transit with respect to its duration as supposed to be 
seen from the earth's centre ; to both which affections 
of duration the parallaxes of longitude will also con- 
spire. So that every advantage which Dr. Halley 
expected from the late transit will be found in this, 
without the least difficulty or embarrassment. It is, 
therefore, to be hoped that neither cost nor labour 
will be spared in duly observing this transit, especially 
as there will not be such another opportunity again in 
less than 105 years afterwards.' 

Ferguson also showed accurately the places where 
advantage could be best taken of Halley's method: 
^ The most proper places for observing the transit in 

incorrect ideas respecting the circumstances of the earlier transit, but 
those which Halley had formed subsequently. 
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the year 1769 are in the northern parts of Lapland^ 
and the Solomon Isles in the Great South Sea, at the 
former of which the visible duration between the two 
internal contacts will be at least twenty-two minutes 
greater than at the latter, even though the sun's 
parallax should not be quite 9'^ If it be 9^' (which 
is the quantity I had assumed in a delineation of this 
transit which I gave in to the Royal Society before I 
had heard what Mr. Short had made it from the 
observations of the late transit), the difference of the 
visible durations, as seen in Lapland and in the 
Solomon Isles, will be as expressed in that delineation; 
and if the sun's parallax be less than 9''' (as I now 
have very good reason to believe it is) the difference 
of durations will be less accordingly.' 

Later, Hornsby in England, and De Lalande and 
Pingre in France, discussed very carefully the cir- 
cumstances of the transit of 1769. De Lalande, in 
1764, illustrated the conditions of the transit of 1769 
by a projection of the earth planned like that which 
Delisle had made for the transit of 1761. The 
tables of Cassini formed the basis of the calculations 
made by these astronomers ; and as Cassini had had 
the advantage of later observations of Venus, his 
tables were necessarily more accurate than those 
which Halley had completed earlier in the century. 

The circmnstances of the transit of 1769 in dif- 
ferent parts of the earth can be inferred from what is 
shown in Plate V. Here the arcs a i b and a' i' b' 
separate the dark and light hemispheres of the earth 
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at the beginning of the transit^ while the arcs c E D 
and c' e' d' separate the dark and light hemispheres 
at the end of the transit. Thus the beginning was 
visible at all places on the hemisphere formed by 
combining the sections A I B D and a! i' b' d' ; and the 
end of the transit was visible at all places on the 
hemisphere formed by combining the sections c E d a 
and c" e' d' a^ The whole of the transit was visible 
over the spaces d^ia and d' rnf a! \ but within the 
space ime, though the beginning and end of the 
transit were seen, the progress of the transit was not 
wholly visible. No part of the transit was visible over 
the spaces b tw c and b'' f ef d ; but within the space 
f m! e\ though neither the beginning nor the end were 
visible, the progress of the transit was partially visible. 
At all points of the arcs a i b and a' i! B^ the ingress 
occurred with the sun on the horizon; but whereas 
the sun was rising for the arcs A i and a" i', he was 
setting for the arcs b t and b' i\ At all points of the 
arcs c E D and c' e' d' the egress occurred with the 
run on the horizon ; but whereas the sun was rising 
for the arcs c e and c' e\ he was setting for the arcs 
D e and D^ e\ At the points m and ?w' the sun was on 
the horizon both at ingress and at egress ; but whereas 
the whole transit, except ingress and egress, took place 
during the night at m, it took place during the day at 
m\ All that has here been said has related to the 
passage of Venus's centre. 

The point i was that where ingress occurred 
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earliest,* the point 1' being that where ingress occurred 
latest. It was around these points that observers of 
ingress by Delisle's method were to be placed, on that 
side of the arcs a b and on a^ b'' where the sun would 
be above the horizon at the time of ingress. We see 
that Great Britain was admirably placed for observing 
accelerated ingress, Greenwich being almost as well 
placed as any station could possibly be, though having 
the sun rather low (and unfortunately it appeared 
from Halley's tables as though the sun would be still 
lower). At Greenwich sunset was approaching when 
.transit began, i' was in a little known part of the 
Southern Seas. 

The point e', where egress occurred earliest, was, 
like i'\ placed in a part of the Southern Seas about 
which little was at that time known, e, where egress 
occurred latest, was so placed that the whole of 



* Encke, in 1822, found the following elements for the tmnsit of 
1769. I quote these, like the elements for 1761, from M. Dubois* 
* Les Passages de V^nus sur le disque Solaire ' : — 
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India and the region between the north-west of India 
and the Sea of Aral was suitable for observing this 
phase. • 

But chief interest was attached, as I have said, to 
the application of Halley's method. The Halleyan 
poles were at h and h', these being respectively the 
points where, in a geometrical sense (that is, w^ithout 
taking into account the actual visibility of ingress 
or egress), the transit would be respectively most 
lengthened and most shortened. H, we see, lay in a 
region whence no part of the transit could be seen, 
and the point m was the nearest to H where both the- 
beginning and end would be visible, but with the sun 
upon the horizon. The space ime was that which 
presented the most promising conditions, except that 
the sun would be low within this space, both at ingress 
and at egress (passing below the horizon for a greater 
or less portion of the progress of the transit). Ward- 
huus, in Lapland, close to this region, was selected for 
the most northerly Halleyan stations ; and as the 
polar regions could not be occupied, the stations next 
in order of value were necessarily those lying on the 
opposite side of the arctic circle, from Kamschatka, 
through Alaska, &c., round to Hudson's Bay. These, 
however, were too far away from H to be of great 
value as Halleyan stations, while their great distance 
from I and e prevented them from having any special 
value as Delislean stations. The southern Halleyan 
pole H'' was in the same unknown quarter of the 
Southern Seas in which i' and E^are seen to lie. In 
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fact, the whole region around h' was of extreme im- 
portance for the observation of the transit of 1769, 
since any station placed there would not only be 
excellent for Halley's method, but also for Delisle's, 
both as respects retarded ingress and accelerated 
egress. 

In passing, let it be noted how the superiority of 

the second transit of a pair (in general) shows itself 

by the positions of h and h' in Plates IV.* and V. 

respectively. In Plate IV. we see that h and m lie 

on opposite sides of the north pole, h" and m^ on 

opposite sides of the south pole ; whereas- in Plate V. 

we see that h and m are on the same side of the north 

pole, h' and m! on the same side of the south pole. 

Now, necessarily one Halleyan pole lies in the region 

whence no part of the transit can be seen, and we see 

that in such a case as that illustrated by Plate V. the 

point m indicates how near that particular Halleyan 

pole H can be approached without losing either the 

beginning or end of the transit ; whereas in the case 

illustrated by Plate IV., m', the point of nearest 

available approach, lies very much farther away from 

the corresponding Halleyan pole h'. Still, it is to be 

noticed that, even in the case of a transit like that of 

1769 (Plate V.), the really effective use of Halley's 

method requires that a station should be reached near 

the space corresponding to em L If this cannot be 

arranged, the stations next in order of value are those 

lying on the farther side of the arctic or antarctic 

circle (as the case may be), and such stations will 
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commonly not be much better than one near m' for 
the transit of 1761 (Plate IV.), and may be even far 
inferior to stations available in the case of such a 
first transit as that of 1874 (Plate VI.). This is, in 
fact, the reason why Halley's method fails totally in 
1882 (see Plate VII.), though this is the second 
transit of a pair. 

The actual operations for viewing the transit of 
1769 were carried out. on a widely extended scale. 
Preparations were made for sending observers to the 
South Sea, California, Mexico, Lapland and Kams- 
chatka. The King T)f Denmark invited Father Hell, 
the eminent German astronomer, to observe the transit 
at Wardhuus, in Lapland, and thither Hell betook 
himself with Borgrewing, the Danish astronomer. 
They arrived in the autumn of 1768, and passed the 
winter in that desolate region. Chappe d'Auteroche 
was selected by the French Academy to observe the 
transit from the Solomon Isles, in the South Sea ; but, 
says M. Dubois, ^ the South Sea at that epoch was 
under the rule of Spain, and it was only possible to 
visit those seas in a Spanish vessel, and with the 
permission of the Court of Spain. The Spanish 
Government refused such permission, but gave Chappe 
leave to embark in the Spanish fleet then about to 
sail for Western America.' Chappe eventually ob- 
served at St. Joseph, in California. 

' England,' says M. Dubois, ^ did not wait for 
permission from Spain to send an astronomer to ob- 
serve the transit from the South Sea.' The following 
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account^ taken from * Cook's Voyages,' describes the 
preparations made for the journey : — 

^It having been long before calculated that the 
planet Venus would pass over the sun's disc in 1769.. 
a phenomenon of great importance to astronomy, and 
which had engaged the attention of men of science, it 
was judged that the most proper place for observing 
this phenomenon would be either at the Marquesas 
or at one of those islands to which Tasman had given 
the several appellatioris of Amsterdam, Rotterdam, and 
Middleburg, but which are now better known under 
the general name of the Friendly Islands. This 
being a matter of so much importance in the science 
of astronomy, the Royal Society, with that laudable 
zeal they have ever shown for its advancement, pre- 
sented a memorial to his Majesty at the beginning of 
the previous year, requesting among other things that 
a vessel might be fitted out, at the expense of the 
Government, to convey proper persons to observe this 
transit, at one of the places already mentioned. The 
petition being readily complied with, and orders 
having been given by the Admiralty to provide a 
vessel for that purpose, on April 3, Mr. Stephens, 
the Secretary to the Board, informed the Society that 
everything was progressing according to their wishes. 

^ Mr. Dalrymple was originally fixed upon to 
superintend this expedition : a man eminent in science, 
a member of the Royal Society, and who had already 
greatly distinguished himself respecting the geography 
of the Southern Ocean. As this gentleman had been 
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regularly bred to the sea, he insisted (very properly 
too) on having a brevet commission, as captain of the 
vessel, before he would undertake the employment. 
Sir Edward Hawke (afterwards Lord Hawke, a naval 
officer, and not a civilian), who then presided at the 
Admiralty, violently opposed this measure ; and being 
pressed on the subject, declared that nothing would 
induce him to give his sanction to such a commission. 

* Both parties were inflexible, and it was therefore 
thought expedient to look out for some other person 
to conduct the expedition. Accordingly, Mr. Stephens, 
having * recommended Lieutenant Cook, and this re- 
commendation having been sttengthened by the testi- 
mony of Sir Hugh Palliser, who was well acquainted 
with Cook's merit and abilities for the discharge of 
this office, he was appointed to this distinguished posf 
by the Lords Commissioners, and promoted to the rank 
of Lieutenant of the Royal Navy on May 25, 1768. 
He was now, be it remembered, close upon forty years 
of age. 

* This appointment having taken place. Sir Hugh 
Palliser was commissioned to provide a vessel adapted 
for such a voyage. After examining a great number 
then lying in the Thames, in conjunction with Cook, 
of whose judgment he entertained the highest opinion, 
they at last fixed upon the ^Endeavour,' a barque of 370 
tons, which had been built for the coal-trade. 

^ In the interim, Captain Wallis having returned 
from his voyage round the world, and having signified 
to the Royal Society that I*ort Royal Harbour, in 
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King George's Island^ now called Otaheite, would be 
the most convenient place for observing the transit, 
his opinion was adopted, and the observers were ordered 
to repair thither. 

^ Mr. Charles Green, the coadjutor of Dr. Bradley, 
the Astronomer Royal, was nominated to assist Captain 
Cook in conducting the astronomical part of the un- 
dertaking ; and he was accompanied also by Joseph 
Banks, Esq. (afterwards Sir Joseph, the President of 
the Royal Society). This friend of science possessed 
at an early period of life an opulent fortune, and 
being zealous to apply it to the best ends, embarked 
on this tedious and hazardous enterprise, animated 
by the wish of improving himself and enlarging the 
bounds of knowledge. He took two draughtsmen with 
him, and had likewise a secretary and four servants in 
his. retinue. ^ 

^Dr. Solander, an ingenious and learned Swede, 
who had been appointed one of the librarians in the 
British Museum, and who was particularly skilled as 
a disciple of Linnaeus, and distinguished in his know- 
ledge of natural history, likewise joined the expedition. 
Possessed with the enthusiasm with which Linnaeus 
inspired his disciples, he braved danger in the prose- 
cution of his favourite studies ; and being a man of 
erudition and capability, he added no small eclat to the 
voyage in which he had embarked, 

* Though the principal intention of this expedition 
was to observe the transit of Venus, it was thought 
.proper to comprehend other objects as well. Captain 
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Cook was therefore directed, after he had accomplished 
his main business, to proceed in making further dis- 
coveries in the South Seas, which now began to be 
explored with uncommon resolution.' 

The expedition sailed from Deptford on July 30, 
1768, and on August 13 anchored in Plymouth Sound, 
from which after a few days' stay they proceeded to 
sea. It was not until April 10 that they saw Otaheite. 
* On the 10th,' says the narrative, * upon their looking 
out for the island to which they were destined they 
saw land ahead. The next morning it appeared very 
high and mountainous, and it was known to be King 
George the Third's Island, so named by Captain Wallis, 
but by the natives called Otaheite.' 

In May they ^ began to make preparations for 
observing the transit of Venus ; and from the hints 
which Captain Cook had received from the Royal 
Society, he sent out two parties to make observations 
from different spots, that in case they failed at Otaheite 
they might succeed elsewhere. They employed them- 
selves in preparing their instruments, and giving in- 
structions in the use of them. On Thursday, June 1 
(the next Saturday being the day of the transit), they 
sent the long-boat to Eimayo, having on board Mr. 
Gore, Mr. Monkhouse, and Mr. Sporing, a friend of 
Mr. Banks, each furnished with necessary instruments 
by Mr. Green. Mr. Banks and several of the Indians 
went out with this party. Others were despatched to 
find out a convenient spot at such a distance from 
their principal station as might suit their purpose. 
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Those who went to Eimayo in the long-boat, after 
rowing the best part of the night, by the help of some 
Indians on board a canoe which they hailed, found a 
proper situation for their observatory upon a rock, 
where they fixed their tents, and prepared the apparatus 
for the following day's observation. On Saturday, 
June 3, as soon as it was light, Mr. Banks left them 
to go to the island for fresh provisions. As he was 
trading with the natives who belonged to Tarras the 
king of the island arrived, with his sister, whose name 
was Nuna, in order to pay him a visit. . . . Mr. 
Banks returned to the observatory with his visitors, 
and showed them the transit of the planet Venus over 
the sun's disc, informing them that he and his com- 
panions had come from their own country solely to 
view it in that situation. Both the parties which were 
sent out made their observations with great success. 
They nevertheless differed in the accounts of the times 
of transits more than might have been imagined.' In 
Captain Cook's journal, the following account is 
given : * The day proved as favourable to our purpose 
as we could wish ; not a cloud was to be seen the 
whole day, and the air was perfectly clear ; so that we 
had every advantage in observing the whole of the 
passage of the planet Venus over the sun's disc. We 
very distinctly saw an atmosphere, or dusky shade, 
round the body of the planet, which very much dis- 
turbed the times of the contact, particularly the two* 
internal ones. It was nearly calm the whole day, and 
the thermometer, exposed to the sun about the middle 
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of the day, rose to a degree of heat w6 have not before 
met with.' 

Chappe was specially fortunate at St. Joseph. His 
observation has given rise to a good deal of controversy, 
with regard to its bearing on the question of the solar 
parallax. Powalky and others consider that Chappe's 
observation of the internal contact at egress was an 
observation of real contact, not apparent contact; Stone 
maintains the contrary. My attention was specially, 
directed to this point by Newcomb, of Washington, 
U.S., and I must confess that Chappe's narrative 
seems to me unquestionably to bear the interpretation 
given to it by Powalky, with whom Newcomb agrees. 
Let the reader judge, remembering that real contact 
means the formation of the black drop or of the pear- 
shaped figure described at page 57 ; so that at total 
ingress real contact is later than apparent, while the re- 
verse is the case at egress. Chappe writes as follows : — 
* At the total ingress I observed very distinctly the 
second phenomenon, which had been noticed by the 
greater part of the observers in 1761. The edge of 
the disc of Venus lengthened itself, as if it had been 
attracted by the sun. I did not observe, for the instant 
of total ingress, the instant when the edge of Venus 
commenced to extend itself; but, not being able to 
doubt that this black point was not part of the opaque 
body of Venus, I observed the moment when it ended 
(^ oil il etait ^ sa fin ') in such sort that the total 
ingress could not have occurred earlier, though perhaps 
later by two or three seconds. The black point was 
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a little less dark than the rest of Venus ; I think it 
is the same phenomenon which I had observed at 
Tobolsk in 1761. ... At the second internal con- 
tact' (that is, internal contact at egress), *the sun was 
undulating, as was Venus also, which rendered the 
observation very difficult. At this contact Venus elon- 
gated herself more considerably than in the morning, 
in approaching suddenly the edge of the sun.' It 
seems clear that Chappe here witnessed that sudden 
leap to the sun's edge at egress which is the counter- 
part of the sudden leap from the sun's edge at ingress ; 
and that if the contact differed at all from the con- 
tact at ingress, it was in the fact that a longer leap 
was made, in other words, that he caught an earlier 
phase at ingress, which would correspond of. course to 
a later phase at egress. As Chappe says himself that 
real contact at ingress might have been two or three 
seconds later, but certainly not earlier, we see that the 
contact he observed at egress corresponded even more 
closely with what he regarded as real contact, — that is, 
the moment of the leap by which the black drop is 
formed and broken. Yet Mr. Stone considers that 
at egress Chappe missed the real contact and observed 
the later phase of apparent contact.^ 

Le Grentil experienced in 1769 the culmination of 

' Here and at pp. 90-92, 1 retract the views I expressed iu my ' Sun/ 
and in reply to Prof. Newcomb's general criticism on my account of 
Stone's -work. So soon as we met, and he described his objections in 
detail, I recognised their force. The Astronomical Society had, in fact, 
pronounced so decisively in favour of Stone's treatment of the transit of 
1769, that I was not prepared to find errors so serious in it. 

G 
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his misfortunes. With a persistent courage worthy of 
better success he determined, after his failure in 1761, 
to return to Pondicherry as soon as an opportunity 
presented itself, and to await there during eight years- 
the transit of 1769. Dubois remarks that Le Gentil 
usefully employed those years in studying the astro- 
nomy of the Brahmins, on which subject he published 
an interesting work upon his return to France. But 
the object he had specially in. view was unfortunately 
not attained. * On June 3, 1769,' says Dubois, * at the 
moment when this indefatigable observer was preparing 
to observe the transit, a vexatious cloud covered the 
sun, and caused the unhappy Le Gentil to lose the fruit 
of his patience and of his efforts.' Pondicherry would 
have been a useful station for observing the retarded 
egress, as we see from Plate V. 

Pingr^, who had observed the transit of 1761 at 
Rodriguez, was sent to observe the transit from a 
French station in the island of St. Domingo. 

Although the observations made in 1769 were on 
the whole much more satisfactory than those which had 
been made in 1761, yet there was much to throw doubt 
on any determination of the sun's distance based even 
on the later transit. We have seen already that the 
peculiar distortion of Venus, illustrated in pp. 6 1—63 
was presented in a marked degree in 1769; but even 
more unpromising was the observed difference in time 
between the moments of real and apparent contact. It 
is only necessary, as M. Dubois points out, to consider 
the difference recognised by those observers who noted 
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the two phases^ to see how largely the accuracy of 
the deduced solar distance must be affected by this 
cause. 

Walesa at Hudson's Bay, using a telescope two 
feet long, magnifying 120 times, found a difference 
of 24 seconds between the real and apparent contacts 
at egress. Green, at Otaheite, found a difference of 
40 seconds at ingi'ess and 48 seconds at egress. Cook, 
at the same station, found the difference 60 seconds at 
ingress and 32 seconds at egress. Yet these two 
observers used two similar telescopes, magnifying 140 
times. Maskelyne, at Greenwich, using a telescope 
magnifying 140 times, found the difference 52 seconds ; 
while Horsley, at the same station, with an achromatic 
telescope, 10 feet in length, magnifying 50 times, found 
the difference to be 63 seconds. Maskelyne remarks 
that the difference was greater than he had expected, 
considering that the telescopes were all nearly of the 
same quality, except a reflector of six feet used by 
Hitchins. The superiority of this instrument ap- 
peared to Maskelyne to account for the difference of 
26 seconds, by which interval Hitchins observed the 
internal contact earlier than Maskelyne. Homsby, at 
Oxford, used an achromatic telescope of 7^ feet, magni- 
fying ninety times, and found the difference to be 57 J 
seconds ; while Schuckberg, also observing at Oxford, 
found a difference of 69 seconds between the real and 
apparent contacts. An unknown observer at Caen, 
using a very small telescope, found the enormous dif- 
ference of fully 150 seconds I Wilke, at Stockholm, 
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though the errors in the estimated instant of an ex- 
ternal contact might be expected to be of the same 
order as those affecting the estimated instant of an 
internal contact. 

Dubois tells us that upwards of two hundred 
memoirs were sent to the Academy of Sciences on the 
value of the solar parallax deducible from the obser- 
vations made in 1769. How many were sent to the 
Royal Society I do not know ; but probably as many 
as four hundred were sent to the different learned 
bodies of Europe. 

A comparison of the results obtained by the most 
competent computers showed that the observations of 
1769 were much more valuable on the whole than 
those of 1761 ; for, whereas the results obtained in 1761 
ranged in value between 8''*5 and 10'^'6, we find the 
following five results selected as those most carefully 
calculated on the basis of the observations of 1769 : — 

De Lalande fixed tlie parallax at 8*50 
Fr. Hell „ „ 8-70 

Homsby „ „ 8*78 

Euler „ „ 8-82 

Pingrg „ „ 8-88 

The solar distances corresponding to the parallaxes 
8'''50 and 8''-88 are respectively 96,162,840 miles 
and 92,049,650 miles. 

It is somewhat singular that, notwithstanding the 
clearest evidence of a cause of uncertainty sufficing to 
account for such differences as the above table presents. 
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Lalande and Pingr^, who had obtained the most widely 
different results, were both quite confident of the 
accuracy of the values thej had deduced. Lalande 
says in his memoir, that regarding the whole series of 
observations of 1769, the solar parallax is inf*ontestably 
8""5 ; while Pingre says in reply, ' of two things one : 
either no result at all can be deduced from the transit 
of 1769, or it must be admitted that the value of the 
solar parallax is very close indeed to 8""8 (^ est k tres- 
peu pres de 8"-8).' 

In his first memoir, in which' the above tabulated 
value, 8"*82, was given, Euler had not taken into 
account the observations made at Otaheite by Green, 
and at St. Joseph, in California, by Chappe. Going 
over his work afresh, and introducing these observa- 
tions, he deduced the parallax 8''"68. Dionis du Sejour, 
employing only observations of duration, and combining 
the transits of 1761 and 1769, deduced the value 8" "84. 
But in his * Traite Analytique des Mouvements 
Apparents des Corps Celestes ' he adopts as the final 
result of his calculations the solar parallax 8'''8128. 

It is worthy of notice that when chief reliance was 
placed on observations made at Halleyan stations of 
the first class, the value of the parallax approached 
more nearly to that now recognised as probably the 
more correct. Thus, combining observations made at 
Otaheite with Father Hell's observations at Wardhuus, 
De Lalande obtained the value 8^'"72, and yet larger 
values when Hell's observations were combined with 
other observations. Yet, as we have seen, De Lalande 
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adopted .8^' '5 as the best mean value of the solar 
parallax. 

Doubts, indeed, were thrown upon Father Hell's 
observations, on account of corrections which had 
been made in his MS. notes of the phenomena (and 
partly, also, because of the known fact that he alone of 
all the observers of the transit recognised no distinc- 
tion between real and apparent contacts). The idea 
that Hell's records were forged was thrown out by 
the Astronomer Koyal. But such a suspicion need 
hardly be seriously considered. Not only is nothing 
known about Fr. Hell which for a moment justifies 
the supposition that he could be guilty of the act 
charged to him, but we know now that his observations 
accord better with the latest estimates of the parallax 
than those of other observers. 

Encke in 1824 published an analysis of the observa- 
tions of the transit of 1769, from which he deduced for 
the solar parallax the value 8'^"6030. By combining 
the observations of both transits he deduced that value 
8''^'5776 (corresponding to a solar distance of 95,274,000 
miles) which for more than a quarter of a century 
thereafter maintained its ground in treatises on astro- 
nomy. 

But about the year 1850 it began to be recognised 
that the sun's distance had been over-estimated. 
Various methods of determining the solar parallax, 
inferior singly to the observation of transits of 
Venus, but collectively superior — and superior, more- 
over, because of the greater accuracy with which 
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(owing to the improvem^it in instruments of precision) 
they could be applied — concurred in showing that the 
sun's distance was less than had been supposed by at 
least three millions of miles. The consideration of 
these methods in detail would occupy more space than 
is here convenient. The reader will find them fully 
described in the second chapter of my treatise on the 
sun. In this place let the following summary 
suffice : — 

In 1845 Hansen announced that by a method 
based on observations of the moon's motions he had 
deduced the parallax 8''"9159, corresponding to a dis- 
tance of 91,659,000 miles. Leverrier, from the care- 
ful study of the sun's apparent motions, as affected by 
the earth's monthly revolution around the commbn 
centre of gravity of herself and the moon, deduced a 
solar parallax of 8^^*95, corresponding to a distance of 
91,330,000 miles. Prof. Newcomb, of Washington, 
U.S., obtained by the same method the parallax 8^' "84, 
distance 92,500,000 miles. From observations of 
Mars when at his nearest to the earth Prof. Newcomb 
deduced the parallax 8^^*85, corresponding to a distance 
of 92,300,000 miles. Stone, formerly of Greenwich, 
obtained by this method the distance 91,400,000 miles; 
while Winnecke deduced the distance 91,200,000 miles. 
Eoucault, measuring the velocity of light by means of 
a rapidly revolving mirror (a plan devised by Wheat- 
stone), and comparing the value so obtained with that 
inferred from the observation of the eclipses of Jupiter's 
satellites and the aberration of lights deduced the solar 
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parallax 8^^*86, corresponding to a distance of 
92,100,000 miles. From the study of those planetary 
perturbations which depend on the relative masses of 
the earth and the other planets Leverrier deduced the 
value 8'' -859 for the parallax, or 92,110,000 miles for 
the sun's distance. It will be seen that the values 
thus obtained indicate a solar parallax of 8^' '89, corre- 
sponding to a distance of about 91,950,000 miles. The 
limits of probable error are considerable, however, 
and we scarcely know more at present than that the 
solar parallax almost certainly lies between the values 
8'''*82 and 8'^'96, corresponding to the distances 
92,676,000 miles and 91,228,000 miles. 

As soon as it became clearly recognised that 
Encke's estimate of the sun's distance from observa- 
tions of the transit of 1769 was considerably in error, 
doubt necessarily fell upon the method itself which 
had till then been regarded as the most satisfactory for 
determining the sun's distance. Eflforts, however, were 
made to restore the credit of the method by a re-ex- 
amination of the observations made in 1769. These 
efforts have been regarded by many, especially in 
this country, as successful ; but it must be con- 
fessed the investigation has shown us rather how the 
error crept in than how it can be avoided in future 
applications of the method. This will appear when 
we consider the nature of the researches by which 
astronomers have sought to restore the waning credit 
of the observations of 1769. 

Powalky in 1864 discussed forty-four observations. 
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ence varied greatly with the varying circumHtances 
under which the observations were made^ and always 
largely exceeded seventeen seconds y it seems quite im- 
possible to adopt Mr. Stone's method as trustworthy. 
We cannot, therefore, wonder that Continental and 
American astronomers have, by common consent, de- 
clined to accept Mr. Stone's results as having much 
Weight, or indeed as proving anything except what 
had already been ascertained — the fact, namely, that 
the observations made in 1769 afford but unsatisfac- 
tory evidence respecting the sun's distance. 

But the imperfect nature of the observations made 
in 1761 and 1769 can be sufficiently explained with- 
out attributing inferiority to the method of determin- 
ing the sun's distance in pursuance of which the 
observations were made. It cannot be doubted that 
the measurement of the sun's distance resulting from 
those observations was more trustworthy than any 
which could have been obtained at that time by other 
methods. We have learned to apply other methods 
so much more accurately than they could have been 
applied in the last century, that they give better results 
than a superior method could then give. But it still 
remains probable that the method depending on the 
observation of Venus in transit is superior to other 
modes of determining the sun's distance ; and that when 
this method is applied with the improved instruments 
of our time its superiority will be rendered manifest. 
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CHAPTEE IV. 

OF TRANSITS AND THEIR CONDITIONS. 

Before we proceed to the consideration of the transits 
now approaching it will be desirable to enter on a 
more complete examination than heretofore of the 
general principles on which the determination of the 
sun's distance by observation of Venus in transit de- 
pends. To this subject the present chapter is there- 
fore given. It deals with the various methods which 
are available for determining the sun's distance, the 
order in which transits recur, and lastly, the considera- 
tions on which the choice of stations will depend, in 
any given transit. These various points I wish to 
treat in an entirely popular manner, and therefore I 
shall leave out of account all those minor details 
which have to be considered in the complete discus- 
sion of the subject, referring the reader who may 
wish for a more thorough investigation of the matter 
to my * Essays on Astronomy ' and ^ The Universe 
and the Coming Transits.' 

First, then, let us consider the passage of Venus 
between the earth and the sun on the occasion of a 
transit, and see how the sun's distance may be inferred 
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from the various appearances presented when the transit 
is viewed from different parts of the earth. 

Let E E'' (fig. 13) be the earth, and v Venus passing 
between the earth and the sun (at s) on the course 



^*^ 




Fig. 13. — Illustrating the general principles on which the determination 
of the Sun's distance by transit observation depends. 

shown by the arrow, so that at the moment indicated 
by the figure a transit is in progress. At this moment 
let us suppose that from a northern station e' Venus 
is seen projected upon the sun's face at v\ while from 
a southern station e she is projected at v (v and t?' 
marking the place of her centre). It is to be noted 
that true perspective being quite out of the question, 
I here for convenience suppose the circle s to represent 
the disc of the sun seen from £, so that in considering 
what follows the reader need not trouble himself about 
the curved nature of the sun's surface. 

Now, the proportions of the solar system being w^ell 
known ever since the Copernican theory was established 
— or rather, since Kepler's laws were discovered — we 
know that the distance of v from the sun bears to the 
distance of e from the sun the proportion of about 72 
to 100 ; whence, immediately, we see that e v bears to 
V V the proportion of about 28 to 72, or 7 to 18. And 
manifestly the opening-out of the lines v E and v e' 
at the earth is less than their opening-out at the sun 
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in this same proportion of 7 to 18 ; so that, for instance, 
if the two stations E and e^ are 7,00Q miles apart 
(meaning the distance in a straight line, and for sim- 
plicity assuming that V E and V E'' are equal lines sym- 
metrically placed with respect to the earth's globe), then 
r t/ is a distance of 18,000 miles. But such a deter- 
mination as this, if justly and satisfactorily made, would 
in point of fact amount to a determination of the sun's 
size, and therefore of the sun's distance* Observe — 
the astronomer at E is supposed to have accurately 
determined the apparent position of Venus's centre at 
Vy while the astronomer at e'' has accurately determined 
the apparent position of her centre at v'; thus they 
know what proportion v w' bears to the diameter of 
the disc 8, that is, to the sun's diameter. Say, for 
instance, they find it to be the 47th part of this dia- 
meter. But they know also that v v is 18,000 miles 
in length. So that the sun's diameter is 47 times 
18,000 miles, or 846,000 miles. 

So Soon, however, as we know the real size of the 
sun we know his distance. We know how large he 
looks, and a globe of given size can only present a 
certain apparent size at a certain distance. For ex- 
ample, a globe one inch in diameter looks just as large 
as the sun at a distance of about 107^ inches, or 9, 
little less than 9 feet 5^ a globe two inches in diameter 



' A halfpenny,- which haa a diameter of one inch, will be found to 
exactly conceal the sun when placed at a distance of 107} inches, the 
sun being at about his mean distance — that is, the observation being 
made in March, April, September, or October. 
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must be set twice as far away to look jast as large as 
the sun ; a globe three inches in diameter thrice a8 far 
away ; and so on. In brief, the sun (like any one of 
these globes when placed as described) lies at a dis- 
tance 107^ times as great as his own diameter. So 
that multiplying 846,000 by 107 J we get for the sun's 
distance (as resulting from the obserrations imagined 
above) 90,160,000 miles. 

The considerations just discussed form the basis 
of all the various methods for determining; the sun's 
distance by transit observations. These methods are 
only so many contrivances for bringing out the true 
result as satisfactorily as possible, by eliminating the 
various possible sources of error. 

We may call the method just sketched the direct 
method, because it depends on the simple observation 
of the place of Venus on the sun's face. I shall have 
occasion presently to discuss the method somewhat 
more in detail. Let it sufSce, here, to notice that 
the method presents manifest difficulties. The two 
observers, at E and e', are of course not in direct com- 
munication ; yet it is essential that their observations 
should either be made exactly at the same time or that 
at least the exact difference of time should be known. 
Again, it is not an easy matter to measure the place 
of Venus on the sun's face with the accuracy that the 
method requires. For these reasons Halley was led, 
in anticipation of the transit of 1761, to devise another 
method. 

Let us suppose, for simplicity, that the two stations 
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at E and e' are not shifted by the earth's rotation while 
the transit lasts. In this case the observer at b would 
see Venus traverse such a path as Ivm^ while the 
observer at E^ would see her traverse the parallel path 
T tf m\ The time occupied by Venus In each case 
would of course be proportional to the apparent length 
of the lines / m and V w! ; so that if the time were 
accurately noted by the two observers, the apparent 
lengths of these lines would be known ; whence, of 
course, the simplest possible geometrical considerations 
would give the position of the two chords and the ap- 
parent distance v v' separating them from each other. 
This known, the sun's size and distance follow as in 
the direct method. Since the moment when Venus has 
just made her complete entry on the sun's face at in- 
gress, and Is jjist about to begin to leave his face at 
egress (in other words, the moments when her disc 
just touches the sun's edge on the Inside), were sup- 
posed by Halley to be determinable with great ac- 
curacy, such a method as has just been described 
seemed to him admirably adapted for determining the 
sun's distance. 

But clearly the difference of time In the Imaginary 
case we have been dealing with, where the earth's rota- 
tion was neglected, will depend on the position of the 
chord of transit. Supposing Venus to traverse the centre 
of the sun's face, the two chords being equal In length, 
there would be no difference of time, while the differ- 
ence would be great If the two chords were near the 
edge of the disc. In the latter case the method would 

H 
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be most successfully applicable, while in the fonner 
it would Dot be applicable at all. Now, we have seen 
that the transit of 1761, as calculated by Hailey (see 
pp. .34 ami 35), was nearly central. Nevertheless, 
owing to the rotation of the earth, a difference of dura- 
tion would occur in the case of such a transit. In a 
general way this has been alre.idy shown in the note 
on pp. 34 and li5. But it is also easy to show that a 
disp 1(1 cement comparable with the ov' of fig. 1.3 can 
be inierred from time observations applied as Hailey 
snggested for the supposed conditions of the transit of 
1701. 

Let us su]ipn9e that in fig. 14 ho arc looking down 
upon the earth E and Venus v from the north. Venus 




travelling (with respect to the earth) ' in the direction 
shown by the arrow. Let us suppose i E to represent 
a chord of transit across the face of the sun s. Now, 
the earth is rotating in the direction w e E along^ 
x]w arc we; and ss a transit may last several houra, 

ncnilly eniivonieiit to IU[ipoi!i tlio esrlli n-t rest, iind Venus 
; unlj- ivitb tlie rixss of her motion over tlio outUi's inotiUD 
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a place which was at w when transit began (that 
is, when Venus appeared to be at i) would be carried 
by rotation to some point e by the time the transit 
ended (that is, when Venus appeared to be at e). 
In order to see the effect of such a rotation-shift on 
the apparent motion of Venus, let us take two lines, 
one from w, the other from e, through the centre of 
Venus (supposed at rest at v, near the middle of the 
transit) to the chord i E ; we see that the line from 
he earlier position w passes to u, while the line from 
the later position e passes to v\ Thus the effect of the 
rotation of the earth during the time of transit, if con- 
sidered alone, corresponds to a sliifting forwards of 
Venus by the amount v v\ In other words, transit is 
shortened by the effect of rotation iv direction iv e. 
Suppose now another observer placed at the pole 
(whichever pole happened to be In sunlight at the 
time), so as not to be at all affected by rotation ; or 
that, being placed near either pole, he were much less 
affected by rotation ; or that, being placed on the side 
of the pole farthest from e w, the duration were 
lengthened through the effects of duration, instead of 
being shortened. Then there would arise on this ac- 
count a difference of duration, which would lead to 
the determination of the sun's distance precisely as in 
the case before supposed. For in reality the result 
would be the determination of the apparent amount of 
the displacement v v^ along the chord of transit, corre- 
sponding to the knowu displacement w e upon the earth ; 
and the mere fact that both displacements are in an 

H 2 
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east-and-west direction does not render the obsenra- 
tions less efiectiye than those which in the former case 
gave the apparent displacement v if corresponding to 
the observers' displacement ee^, both displacements 
being on a north-andnsouth line. 

In all ordinary cases, Hallev's method depends 
partly on the distance of the observers measured in a 
north-and-south direction, and partly on the effect of 
rotation ; and in the selection of stations both con- 
siderations have of course to be taken into account, 
the aim being to make the difference of duration as 
great, and therefore as exactly measurable, as possible. 
The considerations on which the selection of sta- 
tions depends will be dealt with in a simple manner 
farther on. 

We may conveniently call Halley's method the 
* method of durations ' — a name descriptive of the 
qualities of the method. But it certainly seems a 
mistake to limit the title ' Halley's method ' to the 
case more particularly considered by him.^ We may, 
therefore, use both names indifferently. 

Halley's method requires the whole transit to be 
seen, or at least the beginning and end. Apart from 
other difficulties which this requirement introduces, 
the probability of favourable weather both at ingress 
or egress is manifestly less than the probability of 



' An effort .has of late been made to dismiss from use the title 
• Halley's method,' which Sir J. Herschel and others had long used. I 
cannot see why Halley's name should thus be isummarily dismissed from 
the XK)sition it has so long occupied. 
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favourable weather for a single observation only. It 
occurred to Delisle, when preparations were being 
made for the transit of 1761, that assuming Halley 
was right in supposing the moment of contact at 
ingress could be determined with great exactness, a 
single observation of the sort might be employed in- 
stead of two terminal ohservations. 

It is clear that the observer who sees Venus 
traverse such a chord as f mf (fig. 13) will see the 
transit begin earlier than one who sees her traverse 
such a chord b& Im, for / is a point more advanced than 
the point T. Suppose now that each observer notes 
the exact moment of local time when the transit begins 
(internal contact), and that, knowing his exact longi- 
tude, each can change his local time into Greenwich 
time ; then these two Greenwich epochs will differ 
by an interval corresponding to the amount by which 
/ is in advance of f. But this gives a geometrical 
relation whence the distance between the chords hn 
and f 7PL can manifestly be determined, just as well as 
though the length of each chord were ascertained. 
Hence vv^ becomes known, and thus, as in the • 
direct method, thb sun's size and distance can be 
determined. 

Similar remarks apply {mutatis mutandis) to the 
observation of egress. The method, whether applied 
at ingress or at egress, is called Delisle's method.^ 

The employment of photography to record the 

* It is singular that Delislo's iiamo, like IfalU-y's, is not lused in Sir 
G. Air/s programme lor the transit* of 1874 and 1882. 
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in llie first iDstance, in conjunction, as at v, e, so thai 
1^ V E i:i a straigUt line. We need take no accouot, at 
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this stage, of the slight eccentricity of the two orbits, 
and of the fact that they are not exactly in the same 
plane. Thus, we may be supposed to be looking 
directly down upon the moving planets, which, instead 
of travelling, as they actually do, with a slightly 
varying velocity, are supposed to travel with their 
mean or average motion. 

Now, the simplest way of determining when and 
where the two planets will be again in conjunction is 
perhaps the following : — 

Imagine that a straight pointer from the sun to 
Venus, extending to the earth's orbit, like the line 
s V E, is carried round s as a central pivot by the 
motion of the planet Venus. Then whenever this 
pointer comes up to the earth, the three bodies — sun, 
earthy and Venus — are in conjunction. Now, Venus 
travels with a mean motion of 96' T'^'S per day around 
the sun (completing a revolution in 224*701 days), 
while the earth travels with a mean motion of 59' 8'''3 
(completing a revolution in 365*257 days^); so that 
in each mean solar day Venus gains, on the average, 
36' 59^^*5 upon the earth. This is the rate at which 
our imaginary pointer, starting from a position such as 
8 V E, sweeps onwards from the advancing earth, so as 
to again reach the earth by overtaking it, just as the 
minute-hand of a clock, after being in conjunction 
with the hour-hand, passes on towards its next con- 
junction, with the excess of its motion over the hour- 

' Sidereal revolution is here considered, not the tropical revolution 
which forms the year of seasons. 
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IwthI. We haTe onir, then, to ask bow long it will 
t«ke the pointer, with its mean daily gam of 36' 59"*5, 
to gain one complete circuit, to have the interval in time 
between successive conjunctione of the earth and Venus 
—in other words, there will be juat as many clays in 
this interval as the number of times that 36' 59""0 ifl 
contained in 360°, or, reducing both to seconds, as 
3219-5 is contained in 1,296,000. The division ia 
easily effected, and gives us 583-9 days. 

Our Venus-carried pointer- thji^ takes 583-9 days 
in overtaking the earth. This is m«ireitban a year by 
abont 218-6 days, in which period, witJi her mean 
motion of 59' 8"-3 per day, tlie earth travels round 
nearly215j degrees. 2sow,216 degrees would be |ths 
of a complete circuit. We see, then, that the next 
conjunction-line, s v' e', must be set almost exactly ^tha 
of the way round from s v E, or in the position a v, b, ; 
the next will have the position s v, e, ; the third will 
have the position s Vj e, ; the fourth, the position 
ST^E^; and the fifth will be close up to SVE, in the 
position s v^ e„ about 2^ degrees behiud 8 v e. 

Since the interval between each conjunction is 
about a year and three-fifths, the whole time occupied 
before the position e Vg Ej is reached by the conjuno- 
tion-line will be five times 1^ yeai-s, or 8 years, less 
the short interval corresponding to the earth's motion 
over the arc Eg E, AVe see, then, how it comes 
to pass that an interval of eight years brings round 
nearly the same circumatances as at the beginning of 
the interval, and why, therefore, when a transit has 
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occurred, another may occur eigtt years later, A 
second interval of eight years, as we shall |)resently 
see, changes the conditions too largely (though they 
are still approximated to). 

It may be mentioned in passing that since Venus 
gains one complete circuit on the earth between two 
successive conjunctions, and the earth goes nearly 
eight times round for the five conjunctions just con- 
sidered, it follows that Venus goes nearly thirteen times 
round. In other words, thirteen revolutions of Venus 
are nearly equivalent to eight revolutions of the earth. 

And now let us consider the effect of the inclina- 
tion of the orbit of Venus to that of the earth, still, 
for the sake of simplicity, leaving out of account the 
slight eccentricity of the orbits. 

If be', V v' (fig. 16), represent the two orbits, 
and m be the place of the earth at the autumnal 
equinox, then the line E e' represents the intersection 
of the two orbit-plaues ; and if, as before, we regard 
the plane of the paper as containing the orbit E e', then 
the part vvv' of the path of Venus ia to be as re- 
garded slightly above, the part v' u' v as slightly below, 
llie plane of the paper. Accordingly, the end of the 
pointer which we have supposed Venus to carry round 
the sun, passes above the semicircle E ^ e' and below 
the semicircle e' / e. And supposing this pointer to 
be of the length s b, so that its end apitreciably travels 
round BeE'e' (except for the diirplacement above and 
below the plane of this orbit), it is easy to calculate 
how much above or below the level e e e' e' the end of 
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the pointer runs. ITheii in the direction SE or b k', 
of course the Venus-cari-ied pointer has its extremity 
oil tlie etirtli'* jiitlli ; when in direction S j' ■■ nr s ?■' <■'. 




Fig. ifi.- 

at right angles to eb', the end of the pointer is at its 
farthest from the plane EtE'e'. The inclination nf 
the orbit of Venus being about 3° 23J', and the dis- 
tance 8e (the earth's distance from the sun) being 
about 91,430,(100 miles, it is easily calculated that the 
extremity of the pointer parses above e and below / 
at a distance of about d,4U9,000 miles. At any other 
point, as p or r', the end is above or below by an 
amount less than 5,409,000 miles in the same degree 
that I'M or p' M is less than eS or c' S {pmp' being 
drawn square to E e'). 
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Kow, it is clear i\\at, for a transit to occur, a liae 
fi-om the sun's centre through Venus to the earth's 
orbit, at the time of a conjunction, must not pans more 
than a certain distauce above or below the earth's 
orbit — that is, a conjunction must occur near the 
positions T E or V e'. And it is easy to determine 
roughly how near the earth must be to K or e' at the 
time of conjunction, fur a transit to occur. For let 
8 V E, fig. 17, he our imaginary pointer at the time of 
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a conjunction, and » v e, *' v' e' lines touching the sun. 
Then it is manifest that if the earth be anywhere on 
the line e' £ « at the time of conjunction, a line from 
the earth to Venus must meet the globe « s /, or, in 
other words, there is a transit. But if the earth be 
above e' or below e at the moment of conjunction, 
there can be no transit. Now, 8 s, the sun's radius, is 
about 426,000 miles, and therefore e e and e' / are 
each less than 426,000 miles in the proportion in 
which V E is leas than v S, or, roughly, as 277 to 723 ; 
so that Ee and Ee" are each equal to about 163,000 
miles — a small distance compared with the actual 
range of the end of our Venus-carried pointer above 
and below the earth's orbit. And it is easily calcu- 
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lated * that the range on either side of e or e' (fig. 
16), within which a transit is possible, is represented 
by the arcs pBp' and qBq', each equal to about 3^ 
degrees. 

Now, having found that the circuit of the earth's 
orbit has these two transit-regions^ so to call them, it 
is not difficult to ascertain the general conditions under 
which the conjunction-line will fall from time to time 
upon one or other region. 

Let it first be noted that the points e and is! are 
at present those traversed by the earth on or about 
December 7 and June 6. The line e s e^ does not, 
however, bear a fixed position with respect to the 
point iE, but the points E and e' slowly shift forwards, 
that is, in the direction indicated by the arrow. The 
node of Venus's orbit shifts backwards with respect to 
the stellar sphere by about 2C%5 per annum ; but as 
the point M shifts backwards annually by about 50'^* 1 
(the precession of the equinoxes), it follows that the 
nodes v and v^ and therefore the points E and e', 
advance with respect to M by about 29'' '6 (the excess 
of 50''*1 over 20''*5) annually. Still, in dealing with 
the general question of the recurrence of transits, we 
must not regard the node of Venus as advancing by 
29''*6 annually, but as receding by 20''*5 ; for in what 



* We require to have 

Ep_ 163,000 

c~s "6,409,000 

tliat is, the sine of the arc e^= 163-^5409. Wlience ejo is an arc of 
about l"" 44', and each of the arcs p^ and qq' about 3° 28'. 
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has hitherto been said about successive conjunctions 
of Venus and the earth, we have used the sidereal 
periods of both planets, and we cannot substitute the 
tropical year without making corresponding corrections. 

We may regard the system of five conjunction- 
lines shown in fig. 15 as a spoked wheel, which slowly 
but continuously shifts backwards in such sort that 
any one spoke, s E, shifts to the position s^ Eg in eight 
sidereal years less the time occupied by the earth 
in moving over EjjE, or about 2*449 days. This * 
shift of position amounts to rather less than 2° 25' ; 
but as the transit regions are themselves shifting back- 
wards at the rate of 20'''*5 annually, or about 2|' in 
eight years, we have the shift of the conjunction-lines, 
with reference to the transit regions, equal to about 
2° 22' in eight years. 

Now let us suppose that the conjunction-line has 
at starting the position which it actually had on the 
occasion of the transit of the year 1631. Thus, let 
PP' (^g* 1 8) represent what may be called the December 
transit region, and q (/ the June transit region, and let 
s V E, the first conjunction-Une, fall so that e is the 
place of the earth on December 6.^ The five next 
conjunction-lines have, as already shown, the positions 
Vj Ej, Vj Ej, V3 E3, V4 E4, and V^ Eg ; and we see that e^ 
being 2** 22' from E, while /?/?' is an arc of nearly 3J°, 
£5 falls within z?/?', and there is again a transit, on or 

' In the seventeenth century, but corresponding to her position on 
December 9 in the nineteenth century. 
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ahiml December 4.' This ftorresponds to the transit of 
IfiUy. Tiie next five conjunctions tsike place m due 




Fig. 



order on the lines marked 6, 7, 8, 9, &c. We see, the^ 
that there wilt be no December transits, that is, no 
conjunction within the arc jj p', until the gradual 
advance of the conjunction-line E^v, has carried it by 
eight yearly ste[s to the transit region pp'. This 
manifestly requirta as many eight-yearly intervals as 
2° 22' is contained in the ai*c E[ E,, or roughly the 
fifth part of the complete circuit ; or, in other words, we 
must multiply 30g by 8 to obtain roughly the number 

' In Xhe SCTBnteoatli contury, ''■t about Dteembcr 
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of years. This gives 243 as the nearest whole number 
of years ; and this, it will be noted, is the interval 
fVom the December transit of 1631 to the next 
December transit of 1874, or from the June transit of 
1 761 to the next June transit of 2004. But we see 
tliat while the conjunction-line Eg Vg is travelling by 
eight yearly steps to the transit region p p\ the con- 
j unction-line Ej Vj will have travelled by similar steps 
"to the position e^ V4, passing over the transit region 
y (f y and giving therefore two June transits in the 
middle of the period of 243 years. 

And here, for the. first time we have to note the 
effects of the slight eccentricity of the orbits of the 
earth and Venus. If the two paths were concen- 
"tric circles their centre being the sun, the conjunction- 
lines would be distributed with perfect uniformity, 
si) that the arcs E Eg, Eg E^, E^ e„ Ej Eg, and E3 e^ 
Avould be exactly equal; but owing to the eccen- 
tr.ricity of the orbits, and the consequent variation 
in the motions of both Venus and the earth, this 
xmiformity does not hold. The five arcs just named, 
^>r others similarly formed from any other conjunction 
^^ a starting-point, are slightly different in length, 
V>eing largest always when the earth's orbit approaches 
Clearest to that of Venus, so that the angular motions 
c>f the two bodies around the sun differ least, and 
simallest where the orbits are farthest apart so that the 
singular motions of the two bodies differ most.^ 

' Anything like an excoct discussion of the varying relative motions 
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At the present time, for instance, the conjunctioi^^ 
lines have such positions as are indicated in fig. 19^ 

of Venus and the earth would be altogether out of place in a work of 
this nature. Let it suffice here to note the following values : — 



Maximum daily motion . 
Mean ,,,,.. 

Minimum „ ,, . . 

Kow, the perihelion of Venus is in longitude about 124 J**, the perihelion 
of the earth in longitude about 99^°, or nearly 26® behind. As the eccen- 
tricity of the earth's orbit is greatest, being nearly twice that of Venus's 
orbit (if measured in miles, still greater), we should not be far wrong 
in taking the earth's perihelion for the point of nearest approach to the 
orbit of Venus ; but inasmuch as opposite this point Venus is approaching 
perihelion, we somewhat diminish the longitude to obtain the actual 
point of nearest approach, which will be in about 70® of longitude, or at 
the place occupied by the earth on or about December 2. Here the 
daily motion of the earth is about 1° 0' 66", that of Venus about 
1® 36' 49", the excess of the motion of Venus in longitude being there- 
fore 35' 44". [When the earth is in longitude 90° her mean daily motion 
is about 1° 1' 7'6'', that of Venus in the same longitude being alK)ut 
1° 37' O'o", an excess of 35' 53" ; so that the daily motions are not so 
nearly equal as in longitude 70°. In fact, it chances that the motions 
of Venus and the earth in conjunction are nearest to equality almost at 
the time corresponding to a December transit.] Now, at the opposite 
part of the two orbits, or in longitude about 260°, we have the earth's 
daily motion about 67° 29', that of Venus 1° 35' 19", an excess of about 
37' 50", or more by about 2' 6" than that in longitude 70°. It follows 
necessarily that successive conjunction-lines (after successive eight- 
yearly periods) fall nearer together in the June part of the orbits than 
in the December part. For the exact eight years which carry the earth 
from position e (fig. 15), to position e again soon after conjunction at Ej 
with Venus at V^, correspond to thirteen complete revolutions of Venus 
plus 0-955 days, wherever e may be. Now letv be the place reached by 
Venus when the earth is at e, then v t; is the space traversed by Venus in 
0'955 da3rs. But v v also measures the gain of Venus on the earth, while 
tlie earth has been passing from Ej to e. Now, in longitude 70°, Venus, 
being nearer her perihelion, moves faster than in longitude 250° ; hence 
on this account the arc v v will be greater for a December conjunction 
than for a June one. Since, then, the gain v r of Venus is greater at a 
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^here the eccentricities of the two orbits are properly 
^Mown, and the conjunction-lines are placed in longitude 

I^ecember conjunction than at a June one, while yet it accrues at a less 
l^te as we have seen above, it follows that it requires a longer time to 
accrae : in other words, the arc corresponding to e^ b requires a longer 
time, and if the earth moved uniformly would be a longer arc at .a 
December conjunction than at a June one. But the earth is moving 
faster in December than in June ; a fortiori therefore the arc corre- 
sponding to BE5 will be greater for a December than for a June conjunc- 
tion. Thus is explained the greater distance between the ti'ansit lines 
of a December pair than between the corresponding lines of a June pair. 
See Plate I. To further illustrate this, and also to make this reasoning 
more directly applicable to the subject matter of this chapter, I will 
now proceed to calculate the actual displacement of the conjunction-line 
in eight years, for the two transit regions respectively. 

Suppose a conjunction to occur on or about •{ j « [ . Then 

in eight sidereal years from this conjunction the earth has gone eight 
times round, while Venus has gone round thirteen times plus her motion 

in 09oo d. This motion takes place at the daily rate of 'j ,0 •>-/ i \tt > 
and therefore places Venus in advance of the earth by < -AiLuri\ ) 

and the daily gain of Venus, or < oofiQ'' f ^^ contained < 9.?/,- > 

{5544" 1 
ri'cir?' Therefore conjunction must have occurred 

1 'I'Xi)' fi r ®*^^**^^' °^ since the earths daily motion is < 01 11// ? 

* r2° 37' 26'n 

conjunction must have occurred s 0° 18' l" f ^° longitude behind the 

conjunction-line of the earlier transit. Diminishing each arc by 2J' for 

the change of the nodal line in eight years, we obtain a motion (with 

r2° 35' "1 
respect to the node) of about ^ 00 1 -/ !* » near enough for our present 

purpose. 

* In the above, no account is taken of perturbations of the motions of 
Venus and the earth by the other planets. 

It will be convenient to add here a more exact calcu'ation of the 
transit arcs^jp' and qq\ fig. 16. Wo may follow the same plan as at 
page 107. 

I 
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3% 77°, 155% 225°, and 292°, which correspond, nearly 
enough for our purpose, to the inferior conjunctions of 

We hare, — the distance of Venus from sun at I descendinf \ °^® 

^® 1 66 394 000 r™^®^ (where the earth's mean distance is taken as 
91,430,000 miles), and the earth's distance in the same longitudes respec- 
tively is < Q2'8i7'ooO I °"^®''» ^° ^^^ ^^ distance of the earth from 
Venus at coiyunction is respectively < 26*428000 f"^^®*» and diminish- 
ing the sun's radius (which here for greater exactitude ire take at 426,460, 
its true value if sun's mean distance be 91^.480,000 miles) in the ratio 

{S5;66:Sooo}'^« °''**^»^<" ^ ^^^ ^""^^^-^ 

to E e and B e' fig. 17 the value < i go 700 f ^^^^' ^°^ ^^ thence fc^ows 

_p E « e/ = 166,600 cosec (3° 23^0 = 2,945,300 miles 
*^^^^ 5E' = E'g'=169,720 cos^ (8° 23i0 = 2,868,700 mile* 

while the arc-measure of p e, or ?—, is equal to 1® 41', so that pp' is an 

arc of 3° 22'; 

and the arc-measure of a e', or "— -, is equal to 1® 46', so that a o' is an 

e' s 

arc of 3° 32'. 

These values are for the centres of Venus and the earth. It would 
bo easy, hut is scarcely worth while, to calculate them for exterior or 
interior contact, and for the whole earth, — that is, to determine the arc 
pp' or q q' for the extreme cases where if any part of Venus he seen on 
the sun's disc from any part of the earth, a transit shall he considered to 
iiave taken phice, or where no transit shall be considered to have taken 
place unless the whole of Venus be seen within the sun's disc even from 
the station which throws her farthest from the sun's centre at the moment 
of nearest approacli. Into sucli niceties, however, we need not here 
enter, as they arc merely questions of curiosity, and neither present any 
difficulty nor involve any important principle. 

It will be seen that since at two successive conjunctions near 
Decombor 7, the conjunction-lines are separated by 2° 37' 26" (or about 
2° 35' measuring from the node), while the transit arc is about 3° 22' in 
range, whereas at two successive conjunctions near June 6, the conjunc- 
tion -lin.s are separated by only 2° 18' 1'' (or about 2^ 15' measuring 
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Venus on the dates, September ZR, 1871, December !), 
1874, February 24, 1*<70, May 5, 1873, and July 14, 
18 76. \iiw it is dnai" tliiit tbc cnnjunctirin-liTie y, E,, is 




•"ictlier from the nodal line v* F.' than is the conjunctioii- 
Ji&e V, E,. In fact Ihe longitude of v', the node, if 
*boQt 255 J° ; aDd V^, is ouly SU^" or m from the node, 
^hile Vj is about 36^° from the node. Hence the con- 
Jlnction-Iine v^ r.^ will take longer, in marching up by 
^*ght yearly stcjia to^'', than the half of the period of 243 
years, which is the time in which it comes up to tJie 

RXlni the nodb), nnil the traninC nru hns n range of 3° 32', there is a mwh 

ilwtUnnce of ii i»iir of tmnsits when tUu otnijnnPlion-Une is swettjiiiij; 

,^*«athuJiine tr.i:,a t-region, tluui irlieii it isawutpiugovBr the Detemlii' 
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intervals during which each passage will bring but a 
single transit. The feries 8, 105^, 8, 121^,8. &c. will 
then be modificJ into the series 1131, 129^, 113^, &c. 
But various other mollifications occur in the course of 
long periods of time. Thus the triplet of intervals 
105J, 8, 12H, in the complete series may be changed 
either into the pair 113^, 121 J, or into the pair 105^, 
129J; while the trijilet 121^, 8, lOSJ, may be changed 
either into the pair t2&i, 105|, or into 121^, 113^, 
according to circumstances. 

So much for the order in which transits recur, 
either at the ascending node in December or at the 
descending node in June. Let us now consider how 
staliona are selected for applying the various methods 
which are available, 

Let s, fig. 20, represent the sun, and v Venus, 
the arrows showing the' direction in which Venus 




and the earth are travelling around P. Let 8 v p 
represent the Venus-carried pointer of which we have 
already made frequent use, its extremity p being in 
the figure rather above the earth's orbit, and travelling 
onwards with the excess of Venus's motion, so aa t| 
overtake the earth. Now let a cone, having the centfl 



(A) 

■i ■» 
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of Venus, v, for its vertex, and s v for its axis, be 
supposed to envelope the sun after the manner shown 
by the section sY ^ m the figure, and let the prolonga- 
tion of this cone beyond v, be v v v\ v v' being a 
circular section through /?. Then we may regard this 
circular section (which corresponds to ce'infig. 17) 
as travelling onwards like a gigantic wheel more than 
300,000 miles in diameter, to overtake E ; and if v is 
near enough to a node, then will this great circle pass 
athwart E in such sort that E will traverse a chord of 
the circle v v\ Let us try to picture such a passage. 
Suppose V to be near an ascending node so that the 
circle vv' as it overtakes e has a slight upward motion : 
also if we are looking from s towards e (and v v' were 
a real circular outline) we should see v tf moving from 
right to left to overtake E. It will be convenient to 
regard E as at rest so that we consider only the excess 
of the motion of v v' over that of the advancing 
earth. 

In fig. 21, Plate X., v i v' represent the circle v vf 
of fig. 20 on an enlarged scale at the moment when 
the earth c e' is first touched at the point L At this 
moment an observer at i will of course see the centre 
of Venus just crossing the edge of the sun. (This is 
manifest from fig. 20, where we see that a line drawn 
to V from any point, as i, fig. 21, on the surface of the 
cone vY vf will touch the globe «/.) To an observer 
at i then, but to no one else on the earth e e\ transit 
will have begun (reference being always made to the 
centre of Venus). 
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and the motion of the centre of v v' along p, p^ also 
unchanged^ we manifestly modify the nature of the 
passage of the edge of v v' over the disc e e'. 

The section v v' passing on, arrives at length at the 
position V e v' touching the disc of the earth at e. At 
this moment the centre of Venus is seen, by the observer 
at Cy on the edge of the sun ; in other words, egress 
(of the centre of Venus) is taking place, and e is the 
station where egress is first seen. The section v v' 
passes on until it has the position v ^ y, when it is 
about to leave the earth finally, its last contact with 
the earth being at ^ — where egress takes place latest. 
In the interval the edge of v v' has been passing over 
the disc e e', moving nearly parallel to itself : we 
have then e the "pole of accelerated egress and e' the 
pole of retarded egress. As in the case of ingress, e 
is not exactly opposite to ^ even on the circle ee^y 
while rotation has affected the globe e efy so that e is 
still farther from being opposite to e' on the earth. 

We may, however, in this as in the former case, 
regard (for a first approximation) e and e^ as points on 
opposite extremities of a diameter of the earth, taking 
the moment intermediate between earliest and latest 
egress. With this assumption, the passage of the edge 
of the circle v v'' across the earth's face is illustrated 
by fig. 25 (Plate X.), which represents the disc eef oi 
fig. 21 on an enlarged scale, the edge of the circular 
shadow being shown in ten successive stages of its 
supposed uniform retreat. The earth is shown in the 
proper position for a December transit. 
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It need hardly be said that the face of the earth 
turned sunwards when the section v v' has advanced 
to the position v v'' is greatly changed from the face 
which had been turned sunwards when ingress was in 
progress. But the time of egress is easily calculable^ 
like that of in^ess^ from the known motions of Venus 
and the earth ; the face of the earth turned sunwards is 
also known ; and all the circumstances of the passage 
of the edge of vv' over the earth's face at egress are 
easily determined. In fact, all that was said respecting 
ingress is true, mutatis mutandis y in the case of egress. 

The conditions represented in fig. 21 are actually 
those of the transit of 1874. The shadow cone of 
Venus passes slantingly upwards with reference to 
the earth, and the centre of the circular section v v> 
passes north of the earth. The earth passes, therefore, 
through the shadow section as along the dotted line, 
in the manner shown farther on in fis:. 35. But the 
conditions of the transit of 1631 so nearly resembled 
those of the coming transit that fig. 21 conveniently 
illustrates both transits. 

In order to more thoroughly master the above 
reasoning, the reader would do well to run over it 
again, using figs. 24, 25, and 26, instead of figs. 21, 
22, and 23 respectively. Fig. 24, with its companion 
projections, illustrates the transit of 1882 (and approx- 
imately also the transit of 1639). See also fig. 35. 

Then the reader can apply the explanation given 
above, with very slight changes, to the case of June 
transits, illustrated by fig. 27. Figs. 28 and 29 are 
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the eoiiipanion June projectimia of the earth for the 
earlier of a pair of June transits {as the transits of 
!7IU !imi -2004). while figs. 30 an^I .■!! are the. c(i:o- 




duriiig iLb traiifiils of 1761, 1769, 200i, iWii 2012. 
Fig. 28.— Ingres,!, 1781 and 2004. Pig. 2B.— Ee"^. tTSl ""^ 200*. 
Fig, 30.— Ingress, 1769 and 201S. Fig. 31.— Egress, 1760 and 2012. 

panion projections for the later of a pair of June 
transits (as the transits of 1769 and 2012). Moreover 
it chances, so nearly similar in position are the noithern 
and southern transit chords for the four transits just 
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named, that one and the same figure illustrates all four 
with sufficient approximation for illustrative purposes. 

Now it is easy to see how Delislean stations are to 
be selected in any given case. Take the transit of 
1874. We find first the hours at which the circle v d' 
(fig. 21) crosses the centre of the disc of the earth 
i e i e' at the beginning and end of the transit, or, 
-which is precisely the same thing, the moment when 
the centre of Venus, as seen from the ♦earth's centre, 
reaches the positions b and b\ Plate XI. This is in 
point of fact the * calijulation of the transit,' and de- 
pends on principles corresponding to those involved in 
the calculation of an eclipse. Having these two 
epochs of the beginning and end of transit, and also 
the positions of the transit chord b V Plate XI., and 
ab of fis:. 21 Plate X., we make a sun- view of the 
earth at the beginning of the transit as Plate XII., 
and another of the earth at the end of the transit as 
Plate XIII. (Plates XII. and XIII. really represent 
the aspect of the earth for the times of internal con- 
tact — illustrated in Plate XI. — at the bemnninnr and 
end of transit, but they sufficiently illustrate the present 
description). 

Then the pofitions of the points i and i! fig. 21, 
Plate X. are known at once, from the geometrical 
relations pictured in fig. 21,^ and thus we have the 
poles of accelerated and retarded ingress placed as i 
and i' in fig. 22, Plate X., or as a and n in Plate 

• Of course the rortical line n s in figs. 21, 24, an.l 27, rcproseuts 
n( rth an.l fcouth line of the earth's disc i e i' t'. 
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XII., these positions being the same, it will be observed, 
as the positions of i and i' on the small disc i e i' t 
of fiff. 21. The observers of the accelerated injjress 
must be near i on the illuminated hemisphere i i\ fig. 
22, while the observers of retarded ingress must be 
near i\ The amount of acceleration or retardation 
will depend on the distance from c t: \ a station at any 
point in any one of the parallels in fig. 22 having 
equal acceleration or retardation (according as the 
parallel is nearer i or {\ The parallel lines of the 
figure are of course circles on the globe of the earth ; 
and i and i! are the poles of these circles.' 

Again, the positions of the points e and e' ^ fig. 21, 
Plate X., are known ; and thus we have the poles of 
accelerated and retarded egress placed as t and t in 
fig. 23, Plate X., or as c and d in Plate XIII., these 
positions being the same as those of e and e' in the 
small disc iei a' of fig. 21. The observers of the 
accelerated egress must be placed near e on the illu- 
minated hemisphere e e^ fig. 23, while the observers 
of retarded egress must be placed near e\ The amount 
of acceleration or retardation will depend on the di8- 
tance from c c', a station at any point on any one of 
the parallels of fig. 23 having equal acceleration or 
retardation (according as the parallel is nearer e or e ). 

* The acceleration or retardation at a station for obscr\*ing ingress 
manifestly varies as the distance of the st ition from the plane of the 
great circle having t and i' as polos ; and similarly for retarded ingress, 
and for accelerated and ret<irded*egress. Or in other words, the accele- 
ration or rebirdation varies as the cosine of the arc-distances from* or %\ 
e or c\ 
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These parallel lines of the figure are circles on the 
globe of the earth, and e and e^ are the poles of these 
circles. 

Similar remarks apply to the case of the transit of 
1882, illustrated by figs. 24, 25, and 26, Plate X., and 
by Plates XIV. and XV. The reader is recom- 
mended to go over the last three paragraphs afresh, 
using these last-named figures and [)lates. 

It is easily seen that Delisle's method is applicable 
in every possible case. The poles of accelerated and 
retarded ingress and egress lie always (as t, i\ e, and e^) 
at the edge of the illuminated hemisphere, and stations 
can always be found near to these points, and in sun- 
light. Nor do the conditions of success depend at all 
upon the position of the chord of transit. We see 
indeed that in the case of a short chord as in fig. 21, 
the difference of time between ingress at i and e^, or 
egress at e and e', is greater than in the case of a longer 
chord as in fig. 24 ; for P, P^ and P3 P4 are gi'eater in 
fig. 21 than in fig. 24. But it is easily seen that this 
advantage in the case of the shorter chord is counter- 
balanced by the slowness with which Venus crosses 
the sun's edge.^ Of course the more slowly V^nus seems 
to cross the sun's edge the more difficult it is to deter- 
mine the true moment of contact whether at ingress or 
egress, complicated as contact is by the phenomena of 
black-drop formation. 

' Plate XI. shows us that from b to the centre of Venus's disc at i'ls 
greater than from s to the centre of her disc at i'. In fact this slowness 
of crossing corresponds exactly to the lengthening of the distances p, p,, 
and p, P4. 
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Delisle'd method is then always applicable, and 
always under similar conditions. It is otherwise with 
Halley's method. Let us briefly consider this method 
in the approximate manner already used for Delisle's 
method. 

To apply Halley's method both the beginning and 
end of transit must be seen. Now «?', fiff. 22, &c., 
enlarged into a sun-view of the earth as in Plate XII. 
(for the case of the transit of 1874), shows the face of 
the earth in sunlight when transit begins, while e e\ 
fig. 23, similarly enlarged, shows the face of the earth 
in sunlight when transit ends. We must select stations 
common to both these projections or sun-views of the 
earth in the case of any transit we are dealing with. 
For example, in the case of the transit of 1874, we see 
that such a station as 1, near A in Plate XII. (one ot 
the Sandwich Islands), though excellent for observing 
the beginning of the transit by Delisle's method, cannot 
be em[)loyed for Halley's, because this station has 
already passed to the dark side (in other words, the sun 
has set there) before the end of the transit when the 
face of the earth pictured in Plate XIII. is turned sun- 
wards. Again, the station marked 5 in Plate XIII. 
(Alexandria) is an excellent station for seeing the end 
of the transit by Delisle's method, but it cannot be em- 
ployed for Halley's, because it is on the dark side of 
the earth (in other words, the sun has not risen), at the 
bec^lnninor of the transit, when the face of the earth 
pictured in Plate XII. is turned sunwards. But at 
any station in Australia, for example, the whole transit 



OF TRANSITS AND THEIR CONDITIONS. 1 29 

can be seen, and therefore Halley's method could be 
employed there so far as visibility of transit is con- 
cerned. It remains, however, to select among stations 
where both the beginning and end can be seen, those 
particular stations where the transit is considerably 
lengthened and shortened in duration compared with 
the mean transit (transit of Venus's centre supposed 
to be seen from the earth's centre). In the case of 
Delisle's method, whether applied to ingress or to egress, 
ive had two poles (i and f for ingress, e and ef for 
egress), and could estimate the value of any station 
at once by referring its position to these poles*. We 
have now to inquire whether there are any correspond- 
ing Halleyan poles — a pole of lengthened duration, and 
another pole of shortened duration. I believe Encke 
was the first to point out that there are such poles and 
to give an analytical proof of the fact ; but the follow- 
ing simple geometrical demonstration is, so far as I 
know, original.* 

The parallel lines across the disc of the earth in 
fig. 22, represent circles on the earth having 2, i' as 



* Prof. Adams mentioned the fact that there are 6uch poles, and 
indicated their position, at a meeting of the Astronomical Society at 
which I was present — March 1873, if I remember rightly. I submitted 
to him a day or two after the demonstration given in the tezt^ and in his 
reply he remarked that the demonstration was the geometrical equiva- 
lent of the reasoning by which he had been led to recognise the existence 
and position of the Halleyan poles, as weU as the law according to 
-vhich the lengthening or shortening of the duration varies with distance 
from the poles. Subsequently I learned from M. Dubois' work, already 
often referred to here, that Encke had anticipated Adams in recognising, 
tliese relations. 
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poles, and corresponding to times of ingress successively 
later and later, by equal intervals, as the parallel is 
farther and farther from i. Now if we suppose the 
globe of the earth rotated about an axis if, these 
parallel circles will still appear as parallel and equi- 
distant straight lines. In fact, so long as the points 
i and i' are on the edge of the visible disc the parallel 
circles will appear as equidistant parallel lines. Similar 
remarks apply to the parallels in fig. 23 ; so long as e 
and e^ are on the edge of the visible disc these parallel 
circles will appear as parallel and equidistant lines. Let 
us suppose, then, that the globe of the earth is so placed 
with respect to the observer that all four points ?, i', 
e, and e^ are on the circumference of the visible disc. 
This is clearly possible, for i i! are extremities of one 
diameter, e e^ those of another diameter of the sphere, 
and any two diameters must lie in one plane, which 
plane intersects the sphere in a great circle ; so that we 
have only to place the sphere so that this great circle 
shall form its apparent outline, to have t, iy e, and ^ 
(the extremities of two diameters of this great circle) 
on the outline of the visible disc. 

Now let fig. 32 represent on an enlarged scale the 
face of the globe thus brought into view, i^ and i^ 
corresponding to the points i and i\ while E,^ and E, 
correspond to the points e and e'. Also the number 
of parallels has been doubled to make the illustration 
more complete, the maximum acceleration and retard- 
ation at ingress and egress being divided into ten 
equal parts corresponding to the ten equal spaces on 
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either aide of the lines e^ and c c*. For convenience 
of explanation this maximuai is regarded as 10 seconds, 
which is a little short of its value in the transit of 1874 
and a little in excess of its value in the transit of 1882, 
Now consider any point a where a parallel of one 
system crosses a parallel of the other system. Since 
a lies on the fourth parallel from ct/ towards i„ the 




'\ U.— Liuitiatiug tbe positjoa 01 tho HaUejan poles between tlie 
Delielean poles. 

'"greBB is accelerated by 4 seconds, and since a lies on 
the third parallel from c c' towards E„ the egress ia 
rttarded by 3 seconds. On the whole, therefore, the 
dontion of the transit at a is 7 seconds greater than 
the mean. At the point b where the next parallel 
from I, and the next towards e, intersect, ingress is 
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accelerated 3 seconds, and egress is retarded 4 seconds 
so tliat the diii'atioD bere, as at a, la 7 seconds greater 
than the mean. At the point m the ingress is accele- 
rated 5 seconds, and egress retarded 2 seconds ; so that 
at m also duration is lengthened 7 seconds. The same 
is the case at n. These points »i,a, 6, and n, lie mani- 
feBtly on a straight line which produced either way 
to k and k' passes through other points of intersection 
of our two systems of parallels, at which points, by the 
method of reasoning already applied to o, li, m, and n, 
the duration is lengthened by the same number of 
seconds. At e, the lengthening is similarly shown to 
be 8 seconds, and the same at all pointa on the line 
I e v. At d, the lengthening amounts to 6 seconds, and 
the same at all points on the line ^'e/. Along coc' 
the duration has its mean value. And at any point 
on j j', k t', or 1 1', on the other side of c o c, the 
transit ia shortened by six, seven, or eight seconds, 
respectively. So with other cases for all points over 
the disc C o c'. 

Now very little knowledge of geometry is required 
to show that these lines jj', k k', It, j j', k k', and 
1 1', and the other lines of fig. 32 similarly obtained, 
form a series of parallel equidistant lines; these lines 
being parallel to c o c', the bisector of the angles 
Er o If and ij o E,. These parallel lines are paraUel 
circles on the sphere, having for poles the two points Bt 
and 1I5 the middle points of the arcs i E^ and i,s^ 
The farther one of the dotted parallels is from o o rf 
towards Hl the greater is the lengthening of the traus^ 
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aad the fkrther such a parallel is from c o c towards 
Hg the greater is the shortening of the transit. The 
absolute maximum duration is at Hi, and the absolute 
minimum is at Hg. These points, then, are the Halleyan 
poles, and any one of the parallel circles having these 
points as poles indicates the position of stations at 
which the lengthening or shortening is in proportion 
to the distance of the plane of the circle from the plane 
of the great circle c o c\ towards Hi or h, respectively. 
But while the Halleyan poles and circles corre- 
spond thus geometrically with the Delislean poles and 
curcles, there is one important difference. A Delislean 
pole for any phase is a point where the sun can actually 
^^ seen at that phase. But this is not necessarily the 
<^^«e with a Halleyan pole. The northern Halleyan 
pole for example, in the transit of 1874, is, by what 
*^^s just been shown, the point midway between the 
^ of Plate XII. and the d of Plate XIII. D being 
®^11 on the darkened side of the earth at the time 
Pictured in Plate XII., and a having passed to the 
^^rkened side at the time pictured in Plate XIII., it 
^ manifest that the middle point of an arc from j> to 
'^ must also lie on the darkened side at both these 
*^pochs; and therefore the northern Halleyan pole, 
^'^ough geometrically the point where transit lasts 
^^Bgest, is in reality a point where neither the begin- 
ning nor the end of transit can be seen. On the other 
^and, the southern Halleyan pole in 1874, is in sun- 
-^ight throughout the whole transit, as we see by noting 
"^liat the points B and c of Plates XIL and XIII. are 
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themselves in sunlight throughout the transit^ and that 
therefore the point midway between them must be 
so. The relations here described are those illustrated 
in fig. 32, where the dark lune la c i^ represents a 
l)art of the earth where the beginning of the transit 
is not seen, the dark lune E, c Ea representing a 
part where the end is not seen, and Hj lying on 
a part where these lunes overlap, on which therefore 
neither the beginning nor end of the transit can be 
seen. 

The reader will find no diflSculty in making a 
corresponding construction to illustrate the transit of 
1882. In fact, so far as the parallels are concerned, 
fig. 32 will represent the case of the transit of 1882 
very nearly, for we see from Plates VI, and VII. that 
the distance between the two northern Delislean poles, 
and therefore between the two southern, is nearly the 
same in both transits — in other words, the arcs corre- 
sponding to la Er, Ea ly in fig. 32 aTc nearly right for the 
transit of 1882. But the darkened lunes must have 
the position they assume when fig. 32 is inverted ; for 
we see from Plates XIV. and XV. that while the 
northern Halleyan pole is in sunlight in 1882, the 
southern is on the darkened hemisphere. 

But besides that one Halleyan pole or the other is 
so placed that no part of the transit can be seen from 
it, the circumstances of different transits vary as re- 
spects the advantages oflPered by Halley's method. 

For example, take iig the accessible Halleyan pole 
in such a transit as that of 1874. We see that at this 
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jKiint the ingress is retarded and egress accelerated by 
the maximum acceleration or retardation, less only 
about 1^ tenths, so that the shortening is less than the 
sam of the maximum acceleration and retardation by 
only Z^ tenths of cither. But if e. aod l^ were farther 
apart the shortening of the transit would not be so 
great. This is seen from fig, 33, which illustrates the 




Fig, 33.— Illustrating e. cbhu unfavourable far Hallej'e raethod. 

conditions of the transits of 1761 and 2004. Here E, 
and ir are farther apart than i, and e, in iig. 32 ; the 
Boathern Halleyan pole H| is in this case the inaccessible 
one. We note first, that owing to the greater distance 
between r^ and Er the point of nearest approach to the 
pole Hi is still ft long way from that pole. Moreover, 
we see that at H, in fig, 33, the retardation of ingress 
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and the acceleration of egress are less than the maximam 
by 4^ tenths, so that the total shortening is less than 
the sum of the maximum acceleration and retardation 
by fully 9 tenths of either. If the interval in time 
corresponding to the space between successive parallels 
were 1 second, as we before for convenience assumed 
it, then in the case illustrated by fig. 32, the total 
shortening at the sunlit Halleyan pole H, would 
amount to nearly 17 seconds, whereas in the case 
illustrated by fig. 33 the shortening at the sunlit 
Halleyan pole H. amounts to little more than 11 
seconds. 

ThuS) apart from geographical considerations, which 
may in some cases be of paramount importance, the 
applicability of Halley's method depends principally 
on the arc-distance between the two Delislean poles in 
the northern hemisphere, which of course is equal to 
the distance between the Delislean poles in the southern 
hemisphere. 

This seen, it is easy to perceive that the first 
transit of a pair separated by eight years will be less 
suitable than the second. 

First take a pair of December transits like those 
of 1874 and 1882 — transits when Venus is at her 
ascending node. In this case the first transit always 
carries Venus north of the sun's centre, as along 
h y in Plate XI., while the second carries her south 
of the sun's centre as along s / ; for this being her 
ascending node, and the second transit finding her, as 
already explained, less advanced in her orbit, she is 
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beyond her ascending node at the first transit and 

l>ehind that point at the second transit — that is, in north 

latitude in the former case, and in south latitude in 

"the latter. Accordingly, the centre of Venus's shadow- 

oone passes north of the earth as in fig. 21 in the case 

of the earlier transit of a pair at the ascending node, 

and south of the earth as in fig. 24 in the case of the 

later transit of such a pair. Thus the first contact is 

^n the north-eastern quadrant as at i in fig. 22, and 

tiie last in the north-western as at ^ fig. 23 ; and the 

point i on the earth having been carried round by the 

earth's rotation to the darkened side and (remembering 

the position of the earth's axis) on a course giving it 

n greater distance from e than it would have if the 

Totation were rotind an axis N s, we have the two 

Delislean poles farther apart than they would be but 

for the inclination of the earth's axis. Or we might 

have deduced the same result by considering the two 

poles i', fig. 22, and e, fig. 23 ; for we see that the 

motion of t along its upward-bowed latitude-parallel 

is such as to give it a greater distance from e than it 

would have if the axis of rotation were N s. But in 

the case of the transit of 1882, we see that f^ fig. 25, 

the place of second contact, is brought by rotation 

nearer to e, the place of third contact,^ than it would be 

if the rotation were around an axis n s ; or we may 

infer the like by considering the relative motion of the 

northern Delislean poles i and ef. 

1 The reader should note that the effects here considered depend 
^ entirely on the tilt of the earth's axis. 
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The position of the axis of rotation is then un- 
favourable to the earlier transit of a pair occurring in 
December. 

It will be easy for the student to apply similar 
reasoning to the case of transits occurring in June, as 
illustrated by figs. 27, 28, 29, 30, and 31 ; and it will 
be found in these cases also the rotation brings the 
Delislean poles (the northern pair or the southern pair) 
closer together, cceteris paribus^ in the case of the later 
transit of a pair than in the case of an earlier transit. ' 

But another circumstance clearly affects the dis- 
tance of the two northern, as of the two southern, 
Delislean poles. If the transit chord be short as in the 
case illustrated by fig. 21, the points i and c' (reference 
is now made to the small disc of fig. 21) will clearly 
be nearer together than where the transit chord is 
longer, as in the case illustrated by fig. 24 ; for the 
shorter the transit chord the greater is the angle 
enclosed between the intersecting arcs i i and e' e\ 
Hence shortness of duration by tending to bring the 
two northern and the two southern Delislean poles 
close together renders a transit more favourable for 
the application of the method of duration. 

To see, lastly, how geographical considerations 
enter into the discussion of this problem, compare 
Plates VI. and VII., illustrating the transits of 1874 
and 1882, It will be seen that the northern or 



* The same is proved in another way in *The Universe and the 
Coming Tpansits,' — see also pp. 158, 169 of the present work ; and in 
yet another way at pp. 38 and 39 of my treatise on the * Sun.' 
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darkened Halleyan pole is nearly as far from the 
neighbouring sunlit region (for the whole transit) in the 
case of the former transit, as the southern darkened 
Halleyan pole is in the case of the latter transit. 
But the region where such approach has to be made 
in 1874 is altogether accessible, though doubtless 
bleak and cheerless during the northern winter pre- 
vailing there when transit occurs ; whereas the sunlit 
region nearest to the southern Halleyan pole in 1882 
is the inaccessible antarctic continent. Keeping away 
from that continent and within the space defined by 
the lines a' b\ d d! ^ which show where the sun is ten 
degrees high at ingress or egress, there is absolutely no 
spot to be occupied which is near enough to h^ to be 
wprth the trouble of journeying thither. In both cases 
the region around the sunlit Halleyan pole affords many 
good stations, though the transit of 1874 is not in this 
respect comparable with that of 1882 ; but the absolute 
absence of any southern station whatever in 1882 
where the duration of transit is usefully lengthened, 
causes the method of durations to be wholly inap- 
plicable on that occasion. 

Thus far we have for simplicity considered the 
centre of Venus, or we may be said to have regarded 
Venus as a point. It is easy, however, to see what 
modifications are introduced when we take into account 
the fact that Venus is a globe. Thus, instead of a 
double cone, such as s s' \ v v' in fig. 20, having the 
centre of Venus at its vertex, we must consider two 
double cones such as are shown in fig. 34, each 
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enveloping botli Venus and the sun, but oue havi 
its Tcrtex outside the path of Venus (giving the shadi 
cone of the figure) and the other having its vertex 
within the path of Venus. It is manifest that any 
observer on the surface of the lasl-named cone, as for 
example, at v', will see Venus touching the sun on the 
outside, i.e. in external contact ; for the line of sight 
1'' V *' touches both Venus and the sun, but ott opponite 
aides, and is therefore directed to a poiut of contact im 
opposite tides of tchicli the discs of Venus and the sun 
lie. On the other hand, an observer on the surface of 
the shaded cone, as on the prolongation of s v, will see 



I 




Fig. 31,— IlluBCciiling inteciuU and extcciuil coul&oLs, 
Venus just within the snn's disc, or in internal conta 
for the line of sight touches both the sun and VeriuT" 
on the same side, so that it is directed to a point of 
contact on the same side of which He botll the discs of 
Venus and of the sun. 

■yVe see then that taking the two concentric circular 
sections V v' fig. 34, we have only to substitute external 
contact and internal contact for what was said of the 
passage of the centre of Venus in the former case. 

In order, however, to still further familiarise the 
student with these fundamental relations, I shall give 
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an independent description of the relations presented 
in fig. 34, modifying into a more convenient form the 
explanation of the actual circumstances of the passage 
of the section of Venus's shadow-cone (for so the v v' 
of both figs. 20 and 34 may be regarded) over the less 
swiftly advancing earth. 

If an observer were carried through the double 

cone shown in fig. 34 beyond Venus, he would see the 

following successive phenomena. When he came to 

the outer surface Venus would be in exterior contact ; 

as he passed on to the inner surface Venus would 

enter more and more on the sun's disc, until when he 

reached the surface she would be in interior contact. 

Then as he travelled on through the inner cone Venus 

would seem to cross the sun's disc, and she would just 

touch it on the inside when our observer reached the 

surface of this inner region on his passage outwards. 

Kext^ as he passed onwards to the surface of the outer 

region, Venus would be seen crossing the edge of the 

Sun's disc. And lastly, as he passed that surface he 

^ould again see Venus in exterior contact, the transit 

thereupon coming to an end. 

During a transit of Venus the earth does actually 
pass in such a way through these regions ; or rather 
^ese regions overtake and pass over the earth. 

Since the cones overtake the earth in the direction 
ishown by the arrows,, we may consider that the earth 
]>a8ses through the cones in the contrary direction. 

Suppose V v' (fig. 35) to represent the same section 
of the outer cone as vxf in fig. 34 ; v v^ the section of 
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the mner cone; and B (fig. 35) the earth, as sho-' 
E in fig. 34. Then v v' is really moving towards 
left ; but we are to BUppoee that e is moving towards 
the right through w v'. Furthermore, ii' Venus is 
near an ascending node, as she will be during the ap- 
|)roaching transits, we must suppose the earth to pass 
deacendingly along such a course as E e' through the 
region v v'. The artua! course, both as respe(?ts posi- 




Fjg. 36. 



tion and direction, is determined from the calculated 
elements of the transit. With this calculation we 
need not here concern ourselves.' The figure shows 

' Afl to the ate oivtf and tt* tompsred with that of the enlth, it ia ■ 
ifflly Been from flg. ii that OB ia gpoulBr and o » is leas Uian tho radioH 
mlculaCed in tha nuto, p. 114 for tlie centre of Venus, by Uia radioa of 
Venus incruiiiDd in the proportion thiit Uio earth'a distunuo from IheBna 
Is the distance of Venus from tho ann. 
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the course actually traversed by the earth in 1874 and 
1882. 

Now, taking the earth through v v' for the 1874 
transit, let us consider the various critical points, so to 
speak, of her course. When she first touches the 
outer circle v v' external contact will have begun at 
that point of the earth which first reaches this circle. 
She passes on, falling more and more within v v\ until 
she is just wholly within. All this time external con- 
tart 18 teking place wherever the outline v v' intersects 
the earth's disc; at parts within that line Venus is 
seen partly within the sun's disc, and at parts outside 
of it external contact has not yet taken place. When 
the earth has passed wholly within the circle v v\ 
external contact' has taken place at all parts of the 
visible hemisphere. But as at this time no part of the 
earth has reached the circle v v^,^ internal contact has 
nowhere commenced. In other words, Venus is not 
yet fully upon the sun's disc as seen from any part of 
the earth. 

Now, this part of the earth's motion is not illus- 
trated in fig. 35, because external contacts and the 
passage of Venus across the sun's outline are not 
phases to which the observers of transits pay great 
attention. We now come to the important phases. 

* The distance between the circles v v' and v V is obviously greater 
than the earth's diameter, if we consider how the two circles v t/ and 
▼ V are obtained. For the diameter of Venus is very nearly equal to 
the earth's ; so that the diverging lines from a ox tf (fig. 34) are already 
separated at v by a disttince nearly equal to the earth's diameter, and 
therefore at t; or t;' are wider apart. 
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Wlien the earth just reacfaea the inner circle V v*, 
interior contact has just begun at the point on th( 
earth which first touches this circle. Here, then—j 
earliest of all, interna! contact begins, and we have a_-f I 
this point the phenomenon called by astronomers Jir^ 
internal contact most accelerated. The earth is then 
in the position numbered 1 in fig. 35. 

She passes on, the outline v Y encroaching more 
and more over her face until she is wholly within this 
outline or in position 2. All this time internal contact 
is taking place wherever the outline vV intersects 
the earth's disc. At parts of the earth within that 
line internal contact has passed, or Venus is already 
fully upon the sun's disc. At i)arts of the earth out- 
side that line Venus still breaks the outline of the 
sun's disc. When the earth is at 2, internal contact 
has taken place for all places on the earth's illuminated 
hemisphere. This contact takes place latest of all at 
that point on the earth's surface which at this moment 
touches V v'. It is here, then, that there occurs the 
phase which astronomers call^r*( internal contact Titoit 
retarded. 

Then the earth passes onwards through the posi- 
tions shown severally along her track in fig. 35. 

As the earth passes out of the spaces v v', v o", 
similar phases occur in reverse order. We need note 
only the positions numbered severally 14 and 15. 
The first shows where the earth first reaches v v', and 
the point on her surface which first touches v v' ia die 
* place where occurs the phase called second intenui 
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folding plate. ' The encroachment and the passing off 
jiot being strictly uniform,^ these lines are not equi- 
distant^ nor are they strictly parallel or straight. 

These two plates have been given merely to illus- 
trate the exact constructions which can be applied to 
such projections, in order from them to ascertain the 
best stations for applying various methods.^ They 
have been reduced by photolithography from two of 
the quarto plates illustrating * The Universe and the 
Coming Transits.' For general descriptive illustra- 
tion. Plates XII. and XIII, are more suitable, as 
simpler and clearer. Since at present I am not deal- 
ing with the special conditions of the coming transits, I 
need not here discuss the geographical details of these 
plates, or of plates XIV, and XV. illustrating the 
transits of 1882. 



* The reason of this will be seen by a reference to fig. 35. Obviously 
the rate at which the earth's centre is approaching the centre of Venus 
(which rate really measures the rate of encroachment) diminishes during 
ingress, while for a like reason the rate of passing off increases during 
egress. 

* Properly speaking Plates XVII. and XVIII. only represent the 
earth accurately for the moment when the outline of v V (fig. 35) 
crosses the earth's centre. Since, as we see by the cross-lines, no less 
than 26m. 6s. are occupied by the passage of the outline of v V over the 
earth's face, both at ingress and egress, the earth's rotation has to be 
considered. This, however, can very easily be done, since the latitude 
circles are shown, and the longitude circles are separated by ten degrees, 
corresponding to the earth's rotation in forty minutes. Thus from 
Plate XVIL we see that the cross-line marked 7m. on the right of the 
centre passes near Jeddo. But as the cross-line occupies this position 
seven minutes before it crosses the Earth's centre, we must put Jeddo 
back through an amount corresponding to seven minutes' rotation, or 
al)out one-sixth of the distance separating two longitude-circles in this 
neighbourhood. 

L 2 
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But now, lastly, it remains to show how tlie actual 
progress of a transit as seen from the earth corre- 
sponds with the progress of the earth through Veniw'i 
shadow-cone as illustrated in figs. 34 and 35. For 
although the plan of dealing with the prohlem bj 
considering tlie passage of the earth through these 
cones is, on the whole, the most convenient which can 
be adopted, and especially on this account, that it shows 
us directly what face of the earth is turned annwatds 
at the beginning or end or at any other stage of the 
transit, yet there is something artificial in this way of 
considering the subject. The student who wishes 
to know what can actually be seen from the earth 
seeks for something more than a description of what 
miaht be seen from the sun under certain imagined 
conditions, 

A very simple consideration will enable us at oncfl 
to transpose the relations illustrated iu fig. 35 in such 
a way as to correspond to the actual transits across 
the solar disc. 




rig. 37.— lllualratiiig the connecliou between tlie paHsaga of Venna ont 
the Ban's fuce. and tlia paeaagB of the earth through Vbuub's ahadow-MM. 

Suppose 8 (fig. 37) the sun's centre, /s s a df*- 
metral plane of the sun square to the line s v o, whidi 
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iorms the axis of the ehadow-coDes we have been 
dealing with (for simplicity taking the cone a: 
20). Thus a «' is a circle directly opposite to v v', the 
planes of these circles being parallel. (The left-hand 
halves of the ovals n' s and v w' are sujjposed to be the 
nearer.) Now imagine a straight line passing through 
V to the centre of the earth E on one side, and to the 
circular disc s s' on the other. Since the earth's centre 
caiTving this line travels along E e' athwart v v' on the 
path I e, such as is shown In fig. 34, passing slantingly 
downwards below the centre of w v', it is clear that the 
other end of the line will travel along F f', across * /, on 
the path a b, moving slantingly upwards above the centre 
of s s'. If we looked at v v' from v, the motion of the 
earth would be from left to right along i e j and mani- 
festly, if we looked at s s from v, the motion along a b 
would also be from lelt to right. In other words, 
whereas ab, ass. projection of / e, is inverted, it is not 
reversed right and left, provided we are supposed to 
view vv' and sx', in turn, from the point v. The 
chord ab, then, so viewed, is a perfect projection of 
t e, inverted without being reverted right and left. 

And clearly this principle of projection may 1 
extended to all thai is pictured in fig, 35, not only as 
xespeRts motion along the transit chords of 1874 and 
1882, but also as respects the aun-views of the earth 
supposed to be presented by the numbered discs, and 
flctually presented on a much enlarged scale in Plate 
VI. The circle s s', of fig. 37, which represents the 
liar disc, is a perfect projection of v v' in this sense, 
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that wherever an observer be supjKiBed to be pUced 
on the circle vv', he wouUI see the Centre of Venus 
projected at a point of s s' corresponding to his owd 
position, only inverted as respects north and south. 
And if we imagine a small figure of the earth properly 
placed on the chord ie, with correct pose of axis and 
rightly rotated, to correspond to the time at which the 
earth actually reaches that part of ie, then for every 
point on the snulit-half of that small globe there will 
correspond a point on s s'. If, further, we imagine a 
straight line extending from v to this globe of the 
earth on one aide and to ss' on the other, and that the 
former extremity is carried along all the outlines of 
continents and islands on the sunlit-half of the globC) 
the other extremity will describe on the disc v 3' f,Q 
inverted, but not reversed, picture of those continents 
and seas. Any point iu this inverted picture will indi- 
cate the point on the sun's disc occupied by the centre 
of Venus, as supposed to be seen at the corresponding 
moment by an observer placed at the corresponding 
point of the earth's globe. So that when once we 
have constructed such a picture as Plate XVI., giving 
a series of sun-views of the earth during her passage 
through the sections v v', v v' (fig. 35), of the shadow- 
cones shown in fig. 34, we have at once the means of 
determining the apparent path of Venus's centre 
across the sun's disc for any station whatever upon 
the earth. In fact, Plate XVI., lield up to the light, 
inverted, and looked at from behind, pictures the por- 
tion of the sun's disc traversed by Venus ; the pictures 
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i inverted without reversion are such pro- 
I have been speaking of; and we have 

down the place of any island or town in 
isive projections, and to connect the succes- 
' a line, to have the path of Venus's centre. 
ih's disc as viewed from that island or town 
3assage. 

IX. has been constructed in the way here 
aly that I have thought it better to show 
separated throughout by a quarter of an 
d of having internal contacts (most accele- 
oaost retarded) illustrated specially as in 
Plate XX. is intended to explain more 

meaning of Plate XIX. It shows the 
If of the sun's disc. Outside and inside 

circles, one having a radius exceeding the 
onus's semidiameter, and the other having 
;s than the sun's by the same amount ; so 
i^enus's centre crosses the outer circle her 

touches the sun's on the outside, or she is 
contact, while when her centre crosses the 

her outline just touches the sun's on the 
le is in internal contact* Parts of these 
hown in Plate XIX. Across the disc five 
s are drawn. The central one is the path 

centre supposed to be viewed from the 
the earth. The line next to the centre, 
5VS the path of Venus's centre supposed 
p so viewed from a southerly station as 
)wn as far as possible from the central 
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path on the northern side ; ^ and the line next to the 
centre, below, shows the path of Venus's centre as sup- 
posed to be always so viewed from a southerly station 
as to be as far as possible from the path of the central 
path on the southern side. The lines next outside the 
two last-mentioned mark the boundaries of the track of 
Venus's disc as supposed to be seen from the centre of 
the earth. And lastly, the outside dotted lines mark 
the northern and southern boundaries of the tracks pur- 
sued by Venus's disc if so viewed that her centre would 
follow the tracks shown north and south respectively of 
the central path. No part of Venus can be seen^from 
any part of the earthy outside these dotted lines. 

In Plate XIX., the tracks followed by Venus's 
centre as seen from twelve important stations, are 
marked in. The student can readily add, either on 
the plate itself or on a tracing from it, the transit path 
for any other station. It will be found a useful exer- 
cise to trace from Plate XIX. the central path and 
the outline of the sun's disc, and the path of any 
stations whether of the twelve dealt with in the plate 
or such others as the student may desire, and then 
having cut the picture thus formed into three parts by 
horizontal lines (where the black spaces fall in the 
plate) to connect them into one long strip correspond- 
ing to the transit band of Plate XX. 

* There is no fixed point in the earth where this relation would hold. 
The observer would have to be placed at the point of the earth which 
just touches the southern transit-parallel in Plate XVT., and this is a 
point continually travelling backwards along a southern latitude parallel. 
K similar remark applies to the corresponding northerly positions. 



OF TRANSITS AND THEIM CONDITIONS. I S3 

It remains only to be added that the process applied 
in the construction of Plates XVI. and XIX. to illus- 
trate the transit of 1874, can easily be applied to any 
other transit. Take for instance the transit of 1882, 
Here a portion of the work has been already done, 
since Plates XIV. and XV. illustrate the beginning 
and end, with the position of the circles v v' of £g, 3o. 
A picture of the space enclosed between the transit 
chords for 1882 fig. 35, and the circle vv' ought to 
be made on such a scale that the distance between the 
transit chords would equal the diameter of the discs in 
Plates XIV. and XV. Or, if that scale be too large, 
then figs. 38 and 39 may be used instead, A series 
of Buu-views can readily be drawn on tracings of the 
meridians and parallels either of Plates XIV. and 
XV., or of figs. 38 and 39, corresponding to successive 
equal epochs (say fifteen minutes apart) all through 
the transit. These must be arranged in a row as in 
Plate XVI., in their proper order, and so posed that 
the central cross-lines {marked mean time in Plates 
XIV. and XV., and 0" in figs. 38 and 39) may cross 
the track of central transit at the etjual angles at which 
the circle vv' crosses that track in fig, 35. Then 
will a picture corresponding to Plate XVI. have been 
constructed, except that internal contacts will not have 
been specially illustrated by projections corresponding 
to these contacts (as most accelerated and most re- 
tarded). The picture so drawn, if inverted and looked 
at from behind (or if inverted and viewed in a mirror), 
will correspond to Plate XIX., and enable the student 
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to trace the path of Yenus's centre rs seen from an^ 
station wtiateVer on that occasion. 

Other traneitB majr be illustrated with eqaa~l 

TEAMSrr OF 1882. (INGRESS.) 




Fig. 38.— lUuminated side of tlie earth nt iugresn, Bee. 6, 21i. 1dm, 56s'. 
(OresDiricb mean IJme.) 

readiness. Nor need the details of the process be any- 
further illustrated by examples, since any student who 
takes sufficient interest in these matters to attempt the 
projection of a transit in the manner here applied to 
the approaching transits, will have sufficiently examined 
the earlier portions of this chapter to be able to recog- 
nise clearly the relations involved in constructions of 
the kind. 
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The construction of such illustrative projections as 
lates II., III., &r. . . . IX., needs no explanation; 
r these are simply stereographic polar projections 
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g. 30, — Ulumioated aide of the earth at egresa, Bee. 6, 8h. Om. 32s. 
(Greanwieh mean time.) 

f the earth, upon which vaiioua lines and points, 
jtained by the methods already described, are laid 
awn for convenience of study and reference. 
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CHAPTER V. 

THE COMING TRANSITS. 

The discovery that the sun's distance, as determined 
by Encke from the transits of 1761 and 1769, was con- 
siderably in excess of the truth, naturally directed 
special attention to the transits of the present century. 
It was in 1857, only three years after Hansen had 
announced to the Astronomer Royal the correction in 
the sun's distance resulting from the lunar theory, 
that Sir G. Airy first called the attention of astrono- 
mers to the subject of the approaching transits, and to 
the inquiry how the opportunities presented by these 
transits might best be employed. In a lecture 
delivered before a meeting of the Astronomical Society 
in May 1857, he examined the various methods avail- 
able for determining the sun's distance, and ascribing 
to the observation of Venus in transit the highest 
value, he considered in a general way the circum- 
stances of the transits of 1874 and 1882. He pointed 
out that, cceteris paribus, the second transit of a pair is 
superior to the first for Halley's method ; but unfor- 
tunately failed to observe that special circumstances 
may modify or even reverse this relation. Although 
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I have given one demonstration (In the preceding 
chapter) of the general law and of the fact that the 
ooming transits present an exception to it, it will be 
"well to show here the nature of Airy's reasoning : — 

Let fig. 40 represent the face of the earth as sup- 
posed to be seen from the sun during a December 
■transit, such as either of the approaching transits. 
INow^ the earth during the transit is moving from right 
^to left, or in the direction shown by the long arrow 
^the slant of the axis is for simplicity neglected). 
Her rotation shifts points on her surface in the way 
shown by the small arrow on the equator, the shift 
due to this cause being greatest on the equator. This 
motion manifestly takes place in a sense adverse to 
that of the earth's motion of revolution, everywhere 
except at stations on the shaded lune of the disc. 
Now, Venus transits with the excess of her motion of 
revolution over the earth's ; and anything which tends 
to reduce the effects of the earth's motion of revo- 
lution, increases the excess of Venus's motion — or in 
other words, hastens Venus in her transit. So that at 
every point of the unshaded portion of the disc in 
fig. 40 Venus is hastened, more or less, by the effecta 
due to the earth's rotation. On the contrary, at every 
point on the shaded portion of the disc Venus is 
retarded in her transit. 

These circumstances affect diversely the two transits 
of such a pair as we are now awaiting. If fig. 41 
represents the sun's disc, the north point being upper* 
most, then the lines ab^ cd, will represent chords of 
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transit In 1874 {ab being the chord for a northern/ c d 
being the chord for a southern station) ; and ci b\ 
c i will represent chords of transit in 1882 {cC V being 
the chord for a northern, if d the chord for a southern 
station). 

It is manifest that in 1874 the conditions affectinor 
the duration of the transit as seen at a northern statiou 




Fig. 40. — Illustrating the effect of the earth's rotation on the progress 

of a. transit. 

are adverse. The chord a J is longer, owing to the 
northerly latitude of the observer; but Venus is 
hastened on her course, and therefore the lengthening 
is not so great as it otherwise would be. We have 
then one favourable and one unfavourable condition, 
the latter to some degree cancelling the former. (In 
some transits of the kind the effect of rotation wholly 
cancels, or even more than cancels, the effect due to 
latitude.) The southern station, if taken where, 
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thWughout the transit, the observer ia on the portion 
of the disc represented without shading in fig. 40, will 
give conspii-ing effects. The chord of transit c d will 
be shortened, and Venus will be hastened on her 
course. Hence we have for this station two favourable 
conditions. In all we have three favourable conditions 
and one unfavourable condition — so that if the con- 




ditions are all equal in value we have a balance of only 
two favourable conditions. 

On the other hand, in such a transit as that ot, 1882 
■we can theoretically secure four favourable conditions. 
"We have at the northern station the shortened transit 
chord a' V , and a hastening of Venus — or two conspir- 
ing conditions. At a southern station we have the 
lengthened transit chord c' d , and by taking a station 
which throughout the transit lies on the shaded part 
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of the disc (that is^ an Antarctic station passing below 
the pole during the transit hours), we have Venus 
retarded on her transit path, or again we have two 
conspiring conditions. In all, then, we have four 
favourable conditions, or twice as many as we obtain 
for the balance of favourable conditions in 1874. 

This is theoretically sound. Moreover, it is quite 
commonly the case that the effects due to rotation are 
equivalent to those due to latitude, and that therefore 
the adverse conditions at a station placed as the 
northern station in 1874 may be regarded as cancelling 
each other. In the transit of 1769, for example, the 
conspiring effects of rotation and latitude were nearly 
equal. The Astronomer Royal, in his * Popular 
Astronomy' (published in 1848, be it noticed), justly 
assigns to rotation 10 minutes out of the observed 
maximum difference of duration, 22 minutes. It does 
not seem rash to infer that he had this result in his 
thoughts when, after mentioning that the best northern 
stations would probably not be occupied in 1874, he 
proceeded to remark (in 1857) that the ^observable 
difference'* in the earlier transit would ^ probably not 
be half of that in 1882.' 

Although the observable difference in 1874 is really 
half as great again as in 1882, yet it mattered very 
little, at that early epoch, if any mistake of this sort 
crept into what claimed to be little more than a popular 
account of the general subject of transits. No one 
probably considered that the Astronomer Koyal 
attached any weight to the details of his paper of 1857. 
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In fact^ so roughly was the paper prepared that the 
time of mid-transit in 1874 was an hour wrong — an 
error not resulting from incorrectness of the tables^ for 
the time of transit of 1882 was very nearly correct. 
In fact, the paper of 1857, accurate enough for its 
purpose, had not, and did not seem intended to have, 
any scientific weight. 

But unfortunately, the Astronomer Royal, when 
next he dealt with the subject, seems to have regarded 
the transit of 1874 as demonstrated by his former rough 
paper to be unfit for the application of Halley's 
method. For, in 1864, he published a sufficiently 
accurate investigation of the transit of 1882, illustrated 
by projections (corresponding to those forming Plates 
VI. and VII.) well executed by Mr. H. Carpenter of 
Greenwich, and in this paper the transit of 1874 was 
not considered at all. In 1865, he again commented 
on the circumstances of the transit of 1882 without 
mentioning the earlier transit. When at length, in 
1868, he published what purported to be a detailed 
description of the circumstances of the two transits, 
and of the duties not of English astronomers only, but 
of astronomers generally with respect to the transits, 
he remarked that Halley's method had been shown to 
fail totally in 1874. 

It will serve, I think, to remove misconceptions if 
I quote here the remarks addressed to the scientific 
world by Sir George Airy in 1868 respecting the 
important transits of 1874 and 1882. 

* On two occasions,' he writes, (^ Monthly Notices,' 
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1857, May 8, and 1864, June 10) 'I have called the 
attention of the Society to the transits of Venus across 
the sun's disc, which will occur in the years 1874 and 
1882 ; and have pointed out that, for determination of 
the difference between the sun's parallax and the 
parallax of Venus, the method by observation of the 
interval in time between ingress and egress at each 
of two stations at least, on nearly opposite parts of 
the earth (on which method, exclusively, reliance was 
placed in the treatment of the observations of the 
transit of Venus in 1769)/ fails totally for the transit 
of 1874, and is embarrassed in 1882 with the difficulty 
of finding a proper station on the almost unknown 
Southern Continent. 

* The publication of M. Le Verrier's new Tables 
of Venus, and of Mr. Hind's inferences from them as to 
the points of the sun's limh at which ingress and eorress 
will take place in each transit (which inferences I have 
in part verified), has induced me again to examine the 
whole subject. And, without giving up the hope of 
using the observation of interval between ingress and 
esrress at each of two stations in 1882, I have come to 
the conclusion (from all the information which has 
reached me) that it will be unsafe to trust exclusively 
to the chance of securing observations on the Southern 

* As it has been said (as a correction of my own criticism of the 
above paper) that Sir G. Airy did not describe the * method of durations ' 
as fiiiling totally, but only Halley's method, meaning the method of 
durations as applied to a nearly central transit, I invite special attention 
to his careful wording. The parenthesis removes all doubt as to his 
real meaning (for the transit of 1769 was far from central); though in- 
deed without the parenthesis the meaning is unmistakable. 
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Continent; and that, while observations are by all 
means to be attempted in that manner, it is also very 
desirable to combine with them observations of the 
same phenomenon (at one time the ingress, at another 
time the egress), made at nearly opposite stations 
whose longitudes are accurately known, and recorded 
in accurate local time. This principle being once 
admitted, the transit of 1874 is, or may be, as good 
for observations of that class as the transit of 1 882 ; 
and the selection of localities for the observations must 
be made with equal care for the two transits.' 

He then explains how the maps which illustrate 
his paper were constructed, and proceeds to discuss 
the individual maps with reference to the selection of 
stations for observing the several phenomena. Plate 
VI. will serve as w^ell as these maps to illustrate what 
follows: — 

I. — * iStations for observing the Ingress as accelerated 
by Parallax ' — that is. Stations near I (^Plate VL) on 
the Illuminated side of AB, but not too near to A B.^ 

^ Owhyhee and the neighbouring islands are excel- 

* If 10® be assumed as the lowest elevation at which useftil obser- 
vations can be made, then the stations must not lie within 10° of the 
circle ab. The arcs a b, cdj a' b', </ d't'PlateaYL and VII., indicate 
this limit for the transits of 1874 and 1882. Thus a station for 
obeenring ingress accelerated by parallax (in 1874) should not be 
anywhere within the zone Asba; so that the best point for observing 
accelerated ingress would be that point on ab which lies nearest to i. 
Similar remarks apply to observations of retarded ingress near 1', of 
accelerated egress near b', and of retarded egress near e, the dotted 
curves olHyd d\ and c d marking the limits outside which stations should 
be placed. 

H 2 
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Continent; and that, while obaervationa are by all 
means to be attempted in that manner, it is also very 
desirable to combine with them observations of the 
game phenomenon (at one time the Ingress, at another 
time the egress), made at nearly opposite stations 
whose longitudes are accurately knoivn, and recorded 
in accurate local time. This principle being once 
admitted, the transit of 1874 is, or may be, as good 
for observations of that class as the transit of 1 882 ; 
Rnd the selection of localities for the observationsmust 
made with er^ual care for the two transits.' 
He then explains how the maps whicli iUnstrate 
■jiis paper were constructed, and proceeds to discuss 
the individual maps with reference to the selection of 
stations for observing the several phenomena. Plate 
VT. will serve as well as these maps to illustrate what 
follows: — 

I. — ' Utations for ob'.erving the Ingrexs as aceeler^ed 
by Parallax ' — that is. Stations near I {Plait VLj jm 
the Illuminated side of±R, 6ut not too wwr te a&t 
Owhyhee and the neighbouriDg islaa^ sb^bA- 
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lent. The factor of parallax ' ia about 0*92, and the 

BUn is at nearly two hours' elevation. There is English 
Boeiety at Woahoo. These islan<l3 are just within the 
tropics. For use of this station the absolute longitude 
must be accurately determined. 

' At the Marquesas Islands the factor of parallax 
ie 0'7, and the sun ia nuarly as high as at Wodiog. 
Our neighbours across the Channel have, from the 
time of Louis XIV., taken an honourable lead in 
scientific enterprise of every class. I trust that we 
may rely on them for accurate determination of longi- , 
tude at Marquesas, and for accurate observation of the 
ingress in 1874. 

'The desert Aleutian Islands can scarcely be reconi- 
mended, although the factor 0'8 for the westernmost of 
them, where the sun is highest, is favourable. But 
it is very probable tliat the Kussians wiU soon have 
established telegraphic communication with the mouth 
of the Amoor, by which its absolute longitude will he 
accurately determined ; and though the factor is only 
U-57, the sun is 15° high, and the station will be valu- 
able. 

' On the whole, if the British Government will 
undertake the accurate determination of longitude of 
Woahoo, and the careful observation of ingress there 
in 1874, we may consider that good provision is made 
for the accelerated ingress.' 

' Tliie cipressioa indieateB Uia aecelemtion or rolaciilion at th* 
elatiuu, rugaiding Uiu muiiiaum acwierutioa an nuitf . 
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II. — ^ Stations for observing the Ingress as retarded bg 
Parallax ' — that is, Stations near i' (Plate VL) on 
the Illuminated side of a' b', but not too near to a'b'. 
See note, p, 1 63. 

^ The best station, as referred to the test of numbers, 
is Kerguelen's Island, where the factor is 0*91, and the 
sun is 25° high. This island is emphatically known 
as " The Island of Desolation." I know not whether 
its character is so repulsive, or its utility as a zero of 
longitude so small, as to make our nautical authorities 
unwilling to determine its longitude, and to station 
observers there in 1874. If these difficulties are not 
thought too greatj it will be an excellent position. At 
Crozet's Islands the factor 0*98 is very favourable, but 
the sun is rather low (10** altitude). 

* The next stations in order of merit are Rodriguez, 
Mauritius, and Bourbon. Mauritius possesses this 
claim, that it will be a fairly good station, though not 
So good as Bourbon, in 1882; in 1874 as well as in 
1882, it has this disadvantage, that the sun will be 
low. If only one longitude can be determined in this 
chain of islands, it ought to be that of Mauritius ; if 
two can be determined, they ought to be those of 
^Rodriguez (for 1874) and Bourbon (for 1882). 

* At Madras and Bombay the factors, 0*47 and 0*44, 
are small; but the value of either station does not 
depend entirely on its simple factor, but upon the sum 
K)f its factor with the factors at the stations under 
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head I. These two observatories, with well-known 
longitudes, will prove very useful stations. 

^ With the assistance which we may hope to 
receive from the British Government, we may con- 
sider the observation of the retarded ingress as well 
secured.' 

III. — ^ Stations for observing the Egress as accelerated 
hy Parallax '— that is. Stations near isf {Plate VL)on 
the Illuminated side of c' d', but not too near to cf d'. 
See note^ p, 163. 

^ Excluding from consideration the Southern Conti- 
nent as not to be entertained in our thought with- 
out the most absolute necessity, the stations in order 
of merit are the Auckland Islands, Canterbury, 
Wellington, and Auckland, in New Zealand (factors, 
ranging from 0-83 to 0-77), Norfolk Island (0-66), Mel- 



bourne and Sydney (0*6). I omit Chatham Island^ -•> 
where the sun is rather low. The existence of thu m e 
observatories at Melbourne and Sydney makes th^^ e 
observation of the accelerated egress almost secure^^s, 
although, in confirmation, I should much desire t^ ^:zo 
have one station at least on the New Zealand group.' "^ 

IV. — * Stations for observing the Egress as retarded 
Parallax "* — that is^ Stations near E {Plate F/.), 
the Illuminated side of CD, but not too near to C 
See note, p. 163. 

* The stations which are favourable for this o^ -^^ 
servation are almost entirely on Russian and Turkir — sh 
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trritories. At none of them is the factor less than 
O -84 ; and we have, therefore, only to consider the 
elevation of the sun, leaving to the national Govern- 
xnents to estimate the facilities or diflSculties depend- 
ing on the locality, the climate, or the season. Any 
station either to the east or to the west of the Lower 
Caspian will have the sun well elevated. Omsk, Orsk 
( whose longitude has been determined with peculiar 
Oare;, Astrakhan, Erzeroum, Aleppo, Smyrna, and 
A.lexandria, have the sun suflSciently high. At 
Tobolsk, Perm, Kazan, Kharkov, Odessa, Constanti- 
nople, and Athens, the sun will be rather low, and at 
^Moscow it will be on the horizon. We may, with the 
utmost confidence, leave the selection of the stations^ 
"the determination of longitude, and the observation 
of the phenomenon, to our Kussian friends.^ One 
station, however, ought 3pecially to be considered as 
being, for this purpose, in British hands, namely, 
Alexandria. It appears not improbable that we may 
soon have very direct telegraphic communication 
with Alexandria; but, failing this, I trust that no 
efforts will be wanting to determine -accurately its 
longitude — a longitude which was in the survey of 
Admiral Smyth, and which always must be, the 
zero of longitude in the Levant. This being as- 
certained, Alexandria would probably be the best 

* It c»nnot but be manifest from the whole tone of this passage that 
the conditions of the transit for the scientific world, and not for British 
astronomers only, were intended to be presented in the Astronomer 
Royal's paper. 
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of all the stations for observation of the retarded 
egress.' ^ 

Transit op Venus, 1882, December 6. 

» 

First, by the Method of Absolute Longi- 
tudes. 

V. — * Stations for observing the Ingress as accelerated 
by Parallax'* — that is ^ Stations near i' {Plate VIL\ 
on the Illuminated side of a' b', but not too near to 
a' b'. See note, p. 163. 

^ Omitting for the present all allusion to the 
Southern Continent, it will be seen that the best 
station is Kerguelen's Island, its factor being 0*98, 
and the sun's elevation (12°) probably sufficient. 
This circumstance, in addition to its value as ex- 
plained in the discussion of Plate II., renders it well 
worthy of attention. At Crozet's Islands the factor is 
0*9, and the sun's elevation 23°; abstractedly it is 
preferable to Kerguelen's Island, but not in quite so 
great a degree as that in which Kerguelen's Island is 
superior in list II, The next in value are Bourbon 
and Mauritius, with factor about 0*78, the sun 
being higher at Bourbon. On comparing these quali^ 
fications with those remarked under head II., the reason&.«« 

* The absolute omission of the Indian stations here, though th e ^ 
had been mentioned among those useful for observing retarded ingress^^ 
is remarkable, but is readily understood when the Astronomer Royal'; ^U 
maps are examined. North India is nearer to b (Plate YI.) than Ale: 
andria, and has a higher sun. 
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will be evident for my recommendation that either 
the longitude of Mauritius or the longitudes of Bourbon 
and Rodriguez should be determined. 

* At the Cape of Good Hope the factor is about 
0*62, and the observation there will be valuable. 

* The satisfactory observation of the accelerated 
ingress requires, however, some longitude-determi- 
nations.' 

VI. — ^ Stations for observing the Ingress as retarded by 
Parallax^ — that is. Stations near I (Plate VIL\ on 
the Illuminated side of AB, but not too near AB. 
See note, p. 163. 

' Every city near the seaboard of the United States 

of America, and every important city of Canada, 

commands this phenomenon most favourably. The 

lowest factor is 0*95, and the smallest elevation of the 

sun is 12^ The utmost reliance may be placed on 

the zeal of our American brethren for observing the 

ingress. As great facility exists for determining the 

absolute longitude of any place within the range of 

American telegraphs (Harvard having been accurately 

referred to Greenwich), it is unnecessary to look 

further. Otherwise it might be remarked that Ber- 

uuda, Jamaica, and the West Indian Islands, and both 

sides of Central America, are excellent stations, but 

^requiring determinations of longitude.' 



riLusrra or texts. 



VTL — ^^ St'7ti0%s f<fr ^Jt-serrimg the Egress as accelerate ^ 
hw P^rrU.3^^ — #iprt# w, Statiams near E {^Plate VII, ^> 
#« ?.W l*^vmix^if*f side »f C D., but not too near C 



* All die American statioiis mentioiied in the lat^-^^ 
pan^nph, frvnn Hadifax to Xew Orleans, and Bei 
mnda and the West Indian Islands, are well situate- 
for tlii> observation, the factors being near 0'8o, an ^ 
the son^s altitude varying from 4° at Halifax to 32° aa^^^ 
New Orleans and Jamaica. The coast of SoutlH^^ 
America also is favourable, from its union with th -^ 
isthmus to the harbour of Kio de Janeiro. It 
believed that eftbrts have been made for exact detei 
mination« in a nautical sense, of the longitude of Kio 
it mav now be desirable to £:ive to that longitude th» 
Utmost accuracv.' 




VIII. — • Stations Jor observinff the Egress as retarded^ 
bg Pariillax—that isy Stations near e' (Plate VIL)^1 ^' 
on the Illuminated side of c' d', but not too near (/ d' "*" ^ * 
•S«'f note^ p, 163. 



• Omitting for the present the Southern Continent 
this observation will be amply secured by the obser- 
vatories of Svdnev and Melbourne, where the facto 
is 0*96,. and the sun's elevation 12° to 14°. If, how 
ever, the longitudes of the Xew Zealand stations ca 
be ascertained, they, with factor 0*8 and sun's eleva 
tion 32°, will form a valuable* addition.^ 



the coming transits. 
Second, by toe Method op Intekval 

TWEEN iNGKESa AND EoiiESS. 

* On comparing Pliites VI. and VII., it will be 
that the North Amencaa localities supply, in a manner 
which leaves nothing to be desired, the demand for 
Etations, at which the ingress is retarded and the 
egress accelerated, or the whole interval is diminished, 
by parallax. 

' AV'^ith these, it is necessary to combine one or 
more stations, at which the ingress is accelerated and 
the egress retarded, or the whole interval is increased, 
by parallax. On examining' Plates VI. and VII., 'it 
will be seen that the only possible method of respond- 
ing to this demand ia by the selection of stations on 
the Antarctic Continent, in which the observation will 
be made when the aun is nearly below the Pole.- 

' In BO tar as the coast of the Antarctic Continent 
follows nearly a parallel of latitude, the best position 
for a station is at T"" east longitude. The factors 
would be, for ingress and egress, about 0'95 and 0'68. 
The sun would be, at each station, about three hours 
from the sub-polar meridian. But its elevation above 
the horizon would scarcely exceed 4°, and any altera- 
tion of the longitude, with the view of increasing the 
elevation at one phenomenon, would diminish it at the 
other. 

' Advantage may, however, be taken of the deep 
southern inlet discovered by Sir James Ross, to the 
western side of which ia gjven the name of South 




■^ 
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Victoria. If a station can be established in latltud^^ 
exceeding 72** S., it will be preferable, for observatio:^^ 
of ingress, to the station in 7^ longitude, and if Htm^ ^ 
expedition could be poshed on to an observing plac; '^ 
in the neighbourhood of Mounts Erebus and Terroi 
that position would be greatly preferable. For o1 

serration of ^ress, it is manifestly far superior ; tk ^ 

sun's altitude being about 27^ The factors for tW— ^ 
two obserrations are respectivelj about 0-78 
0-58. 

' The decision on the choice to be made betwe< 
these two stations, and the judgment on the faciUl 
or even the p«i^ibility, of using either of them, mu£==it 
rest with persons who hare had some familiarity wit^irh 
fN>lar« and« if possible, with south polar Toyages.' 

* In i^rtial correction of some small inaccuracies ^tl 
these rv^marks* it mav be observed that — 

* The ingress, as viewed {nnn the earth's centre, is 
alw:iiy< a tow minutes earlier, and the egress always a 
tVw luhiiitos later, than is supposed in the maps.' 

* A> a!!iv:ed by parallax, the phenomenon is alwa^ js 
rvurvicvl with ascending sun and accelerated w^^"^ 
ik ^vVVAUUsr sun/ 

* A> rvtVnvvl to apparent solar time, the phenome^^=^* 
arv slii::h:iy nt-tarded.* 

* Thi* oiilv phenvvnena which are critically affectr^^^ 
bv ;h<s<* vvrtvvtions are tlK>se* of Plates IV. and ^^^-y 
* axfcvi hv K>;h the cmmmstances of solar elevation ^^re 
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« 

* There may be a cause of uncertainty in the 

obserration-elements on which M. Le Verrier's tables 

of Venus are founded, arising from the unsatisfactory 

form in which the observations of the planet were 

Tccorded in Bradley's time. At a critical inferior 

conjunction, when Venus was apparently a very large 

body, very deeply hollowed, it is impossible to gay 

whether the limb was observed or whether an attempt 

was made to observe the centre. In my reductions of 

the planetary observations I inclined to the former 

idea. Subsequently M. Le Verrier adopted the latter. 

The tables are, at this time, very accurate, and it may 

prove that M. Le Verrier's interpretation was correct. 

Any uncertainty, however, of this kind makes it 

desirable to avoid observations of the ingress or egress 

very near to the horizon.' 

This account of Sir G. Airy's treatment of the 
two transits would be incomplete without some de- 
scription of his views as to the occupation of Antarctic 
stations, or without an account of the opinions ad- 
vanced in support of his views by authorities whom he 
had invited to attend the meeting of the Astronomical 
Society, before which the above programme was 
advanced. 

In 1857 the Astronomer Royal's remarks were 
thus reported (* Monthly Notices ' for May 1857, p. 
216) : * The southern tract is a part of the Antarctic 
land discovered by Lieut. Wilkes, of the United 
States navy,^ included between Sabrina Land and 

' This Antarctic ' land ' had, however, been sailed over by Boss ten 



orjned by I 
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Repulse Bay, The Astronomer Royal is inforjned t 
General Sabine that December 6 is rather early i 
the season for a visit to this land, but probably not 
too early, more especially as firm ice will be quite as 
good for these observations as dry land. ... It would 
be extremely desirable that the country should be 
reconnoitred some years before the transit.' (The 
whole passage should be studied, but space will not 
permit me to quote any considerable portion of the 
passages I refer to here.) Again, in the same Report 
(p, 221): 'The Astronomer Royal argues that the 
future astronomical public will not be satisfied unless 
all practical use ' (probably a mis-report for • prac- 
ticable use ') ' is made of the transits of Venus in 1874 
and 1882, and that for these the determination of some 
distant longitudes, and a reconnaissance of Wilkes's 
Land, must be effected within a few years.' 

The next remarks of the Astronomer Royal on 
this subject appeared in tlie ' Monthly Notices ' for 
.Tune 1864, pp. 173-177. In this paper, after con- 
sidering the circumstances of the transit of 1882 
(leaving that of 1874 unmentioued), he proceeds to 
say : ' On the whole, I think it very desirable that a 
reconnaissance should be made of the points under 
consideration, and that it should not be long deferred. 
The first locality to he examined is that in 7'' east 
longitude, between Sabrina Land and Repulse Bay ; 
and the points to be ascertained are — (1) whether the 

ypiim befoiu ; and in the latei ditcustiiun of tlio Eubjtct Hubrina Lnitd 
was substituted for Wilkes's supposed at 
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cnaet is accessible in December 6; (2) whether a 
latitude of 65° can be reached ; (3) whether the sun 
can be observed' (under cei'tain conditions which 
affect the problem unfavourably in 1882, but have no 
existence in 1874). ' Should the answer to the first 
or thii'd questions be negative, then it would be proper 
to examine other portions of the South Continent, say 
in longitude not very different from 4'' west, but with 
no particular restriction excppt that of gaining the 
highest possible south latitude.' 

The next reference to the subject appealed in the 
• Monthly \otices' for May 1865, pp. 201-203. The 
paper bears the title, 'Letter from the Astronomer 
Royal to Sir R. T. Murchison, K.C.n., President of 
the Royal Geographical Society.' It runs thus: — 

' I have learned, through the public papers, the 
tenor of late discussions at the Royal Geographical 
Society in reference to a proposal for an expedition 
towards the North Pole. I gather from these that 
the object proposed, as bearing on science, is not bo 
much specific as general ; tliat there is no single point 
of very great importance to be obtained, but a number 
of co-ordinate objects whose aggregate would be valu- 
able. And I conclude that the field is still open for 
another proposal, which would give opportunity for 
the determination of various results, coiTcspouding in 
Icind and in importance to those of the proposed 
Northern Expedition, though in a different locality, 
aoO would also give information on a point of great 
importance to astronomy, which must be Bought within 
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m few Tears, and which it is desirable to obtain as earl5 
as passible. 

* In the Tear 1882, on December 6, a transit c>^ 
Venus over the sunV disc will occur ; the most favour:*' * 
able of all phenomena for solution of the noble probler:^'^ 
of determinincr the sun*s distance from the eart: 
provided that proper stations for the observation ca 
be found, t It will be remembered that it was f< 
the same pur(K>se that the most celebrated of all th 
British scientific exj^editions, namely, that of Captai 
Cook to C^aheite in 1769. was undertaken. Th 
British part of the enterjmse was perfectly successful 
but there have alwavs been doubts of the accurac 
of the corres^H^nding observations in Lapland, whic 
render a repetition of the observation very desirable.^ ) 
In the ^* Monthlv Notices of the Roval Astronomic 
Society ** for June 10, 1864, I have very careful! 
discusseil the circumstances of the coming transit, i 
reference to the selection of observation-stations. F< 
the northern stations there will be no difficulty ; the_. 
will be on the Atlantic seaboard of North America, 
at Bermuda : all very favourable and very accessible 
For the southern stations the selection is not so eas^ 
the observation must be made on the Antarctic CobC=^*" 
tinent ; ii* proper localities can be found there, and zz ^ 
the circumstances of weather, &c., are favourable, tl*:=^^ 
determination will be excellent; if those favourabKT^'® 
circumstances do not hold, no use whatever can 
made of the transit.' 

Then follow certain sentences from the oil 
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* Monthly Notices,' bearing on the selection of southern 
stations, and including the passages which 1 have 
quoted ahove. The Astronomer Koyal proceeds as 
follows ! — ■ 

' The astronomical object of a southern expedition 
is, I trust, sufficiently explained in the sentences which 
I have quoted. In the event of such an expedition 
being nndertaken, the precise determinations which I 
have indicated as bearing on the astronomical question 
must (from the nature of the case) take precedence 
of all others. But there would he 110 difficulty in 
combining with them any other inquiries, of geograpln-, 
geology, hydrography, magnetism, meteorology, natural 
history, or any other subject for which the localities 
are suitable. 

' And I have noiv to request that you will have 
the kindness to communicate these remarks to the 
Royal Geographical Society, and to take the sense of 

Society on the question, whether it is not desirable, 

other scientific bodies should co-operate, that a 
representation be made by the Royal Geographical 
Society to Her Majesty's Government on the advan- 
tage of making such a reconnaissance of the Southern 
Continent as I have proposed : primarily in the interest 
of astronomy (referring to ray official responsibility 
for the importance of the examination at this special 
time) ; but conjointly with that, in the interests, per- 
haps ultimately more important, of geography and 
lOther sciences usually promoted by the Royal Geo- 
-aphical Society,' 
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In December I8689 notwithrtaiiding the rdaiavel}^ 
unfiiTounble circnmstanccs for applying this (Halley's) 
method to the transit of 1882, and the very faTonrable 
conditions under which Delisle's method can then be 
applied, the Astronomer Royal urged that only three 
stations should be occupied fi>r Delisle's method in 
that year, the instruments of the five 1874 expeditions, 
' thus set free from two stations,' being required at an 
observing station on the Southern Continent. He had 
now so far changed his mind as to the method of 
dealing with Antarctic diflBculties, as to speak in the 
following terms : .' The choice of station being made,' 
he said. * I would not recommend any reconnaissance, 
but I would propose that an expedition should go 
direct to the selected point in good time for the obser- 
vation of the phenomenon. The season is early for 
South Polar expeditions, and any difficulties produced 
by ice would probably diminish every day. A station 
being gained, all that is necessary in the way of sub- 
sidiary observation is a few days' observation to give 
clock-rate ; then the clock times of the two phenomena 
will furnish all that is required. The first action to 
be undertaken by the Government,' he proceeds (and 
I invite special attention to the point), * is to procure 
the stock of instruments, and this ought to be done 
without delay. An observing plant like that ' (de- 
scribed in the earlier part of the same pai>er) * is not 
to be obtained in haste, and the proposed expedition 
might be entirely crippled by a small negligence 
on this point. The equipment of ships and the 
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selection of oflScers would probably require much less 
time.' 

It appeared to the naval authorities who followed 
the Astronomer Royal in addressing the meeting, that 
the more certain course for achieving the desired 
result would consist in the preparation of an expedition 
to winter in Possession Island. I quote the following 
passages as bearing specially on the feasibility of such 
an expedition : — 

Admiral (then Captain) Richards, Hydrographer to 
the Admiralty, said : * My own opinion, looking to the 
uncertainty of finding a wintering station for a ship, is 
that landing a party on Possession Island,' or one of 
the islands farther south, * would be the most feasible 
course, and there would be little doubt of the facility of 
reaching one or other of these islands with a suitable 
steam-vessel, making Tasmania or New Zealand the 
base of operations. Doubtless a year passed in this 
region would be most profitably employed in adding to 
onr knowledge of magnetism, and various other branches 
of physical science.' 

Admiral Ommanney said, inter alia i * I fully con- 
cur in all that has fallen from the Hydrographer to the 
Navy, and hope ere long to hear that operations are 
making ibr sending out to explore the Antarctic 
Seas.' 

Commander J. A. Davis, who bad accompanied 
Sir James Ross in that most gallant expedition during 
which Victoria Land was discovered^ and who had 
hhnBelf landed at Possession Island, said that ^ he 

m2 
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beiirred diere would be no difficoltr whaterer in again 
cifecting a landing in the same place.' ^ With regard 
to the period at* the season at which the transit took 
place, it was to be remembered that the 6th of 
December was so eariv that no ships had ever reached 
the Antarctic Circle by that date; and as it would 
be nec^sary to arrange the instruments, &c. prepara* 
tOFT to the observation^ he might say that the ships 
ought to be on the spot at least a month before. This 
would be the 6th of November, a date altogether out 
of the question ; and as the ships could not winter in 
the South; the party would necessarily have to land 
the year before ; but with good tents he had no doubt 
they could pass the winter very comfortably ' (this, of 
course, and what follows, will not be taken strictly 
au pied de la letfre) : * they would have a pleasant 
prospect before them and plenty of penguins to live on. 
In comparison with Kerguelen Island and the Crozets,' 
he proceded, * the chances of observing the transit — 
meteorologically speaking — would be greatly in favour 
of South Victoria*' 

Captain Toynbee also expressed an opinion strongly 
adverse to the meteorological chances at Prince 
Edward's Islands, the Crozets, and Kerguelen Land, 
since their neighbourhood is, he said, * so far as my 
experience goes, subject to a great deal of thick 
weather.' 

There were several points in the Astronomer 
Boyal's communication to the Astronomical Society 
on this occasion which were calculated to attract 
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the attention of those who had followed his former pro- 
ceedings in connection with the transits of 1874 and 
1882. Thus far he alone of all the leading astro- 
nomers had publicly dealt with the subject, and there 
was much in the tone of his preceding papers to sug- 
gest that in a sense he guaranteed a sufficient examina^ 
tion of the conditions of the transit to enable astronomers 
generally, not those of England alone, to await his 
announcement of what the different scientific nations 
might be expected to do, and to follow his instructions 
whensoever such announcement should be made. In 
the paper of December 1868 he still adopted this tone, 
while nevertheless it was apparent that he was not 
treating the subject in an exact manner. For instance, 
the statement in the very beginning of his paper that 
the method of duration had been shown to * fail totally,' 
even if correct in itself— which subsequent examination 
showed not to be the case — was not in accordance with 
former papers, in which he had only expressed his 
opinion that in all likelihood it would not be advan- 
tageously applicable. Then secondly, the maps accom- 
panying the paper were of the roughest possible de- 
scription, insomuch that the shapes of the continents 
and oceans were barely recognisable : nor did these maps 
extend beyond the parts immediately adjacent to the 
points corresponding with i, i', e, and e' in Plates VI. 
and VII. ; so that if by any possibility (which seemed 
at that time, however, incredible) Halley's method 
should be available in 1874, the maps could not have 
shown the fact> though this was precisely the sort ot 
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when He said that the difference of durations in' the 
transit of 1874 would ^probably not be half of that in 
1682.' So that I confess it was with some surprise 
that I read a letter to the Astronomical Society (almost 
contemporaneous with the one addressed to myself), in 
which he stated that in 1857 he had ^ fully considered' 
the application of Halley's method to the transit of 
1874. An inference in 1857 that the difference ot 
durations in 1874 would probably not be half that in 
1882, and a belief in February 1869 that the difference 
in 1874 may probably be greater than in 1882, did not 
seem to me then, and does not seem to me now, to 
correspond with a ' full consideration ' of the method 
depending on this difference of duration. The letter 
to the Astronomical Society just referred to is note- 
worthy, however, as mentioning a criterion which at 
that time Sir G. Airy adopted in comparing Delisle's 
and Halley's methods : * I hope,' he says, * the probable 
error of geometrical longitude will not be more than 
one-half of the probable error of ingress or egress.' * 

' Subsequently when it became necessary to make out that Delisle's 
mefliod was nearly equal in value to Halley's, Sir G. Airy and Mr. Stone 
insisted that the probable error of geographical longitude would be less 
than one fourth of the probable error of an observation of contact. This 
was done by reducing the estimate of the probable error in longitude de- 
terminations. All the time, the probable error of an observation of ingress 
or egress was inferred from the results of 1 769, without any account being 
taken of the probable diminution of this error in consequence of the in- 
quiries and experiments which have been made into its cause and nature. 
This is idle. If those inquiri es and experiments are valueless, why should 
so much be said of them in the Greenwich Reports ? If they are valu- 
al)le, as we all hope and believe, why is the error which they are intended 
to reduce, treated as though it would probably be as great as ever ? 



T^E COMING TRANSITS. 18S 

Having n6w ascertained that the subject had not as 
yet been thoroughly dealt with, I resumed the investi- 
gation, and in May 1869 I submitted to the Astrono- 
mical Society a paper accompanied by six projections 
(from two of which Plates XVII. and XVIII. have 
been reduced by photolithography) illustrating the 
transit of 1874. This paper was published in the June 
number of the * Monthly Notices.' I had by this time, 
to my regret, learned that my inquiries into the 
subject were distasteful to the Astronomer Royal, and 
therefore I avoided all mention even of his name in 
this paper ; and where it was necessary to call due at- 
tention to the changed values of the various stations, I 
presented these in a tabular form, — Airy's values under 
head a, those of Puiseux under head B, and my own, 
which closely accorded in the main with those of 
Puiseux, under head c. 

As some have supposed that I wished solely to sub- 
stitute Halley's method for Delisle's (a change which 
would have been of little value). I deem it well to 
quote here from my paper of May 1869, the following 
summary of the conclusions therein demonstrated : — 

1, * The application of DelisWs method of absolute 
time differences. The relative as well as the absolute 
values of many stations are affected. Some which 
had hitherto appeared unsuitable are found to be un- 
objectionable. Others which seemed good appear unfit. 
In other cases the relative values of two stations are 
so affected that the results of a comparison between 
them are directly reversed. . Lastly, many stations 
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not hhherto Uioii^t of in connection with the transit 
anf f^HKod to be well suited for die ajqdication of Delisk's 
method. 

^« ^ TUt* tifmparisam between DelisU?s and HaUey^t 
mHkiHts^ HalleT*s method * (estimated by Sir G. 
AirrV own te«t) ^ is foand not merely to be applicable 
with advantage* which is all that can be said of it when 
i>wtral passages are considered, but to be superior to 
IVIWleV — slightlr^ when reference is made only to 
$iich ^tatioQs as had been hitherto dealt with, notice- 
aMr wh^tt Antan^tie stations are made use of. 

3k ^ TUft numpanifom kttteen the transits of 1874 
uftU \^:i ireM i^/erenee tm Hattey's method. This 
v\HU(Hfcrit$vxti ^>ws that Halley^s method may be applied 
tttucK tftior^ advantageously to the transit of 1874 than 
tvMhAtot*l5^:i/^ 

Tt!t< tabl^ \, which are given in abstract at the end 
v*' th» vvlxutt<?) were followed br these remarks : — 

^ It wUl b^ ^euv on a eomparison of tables A, B, 
atKl C> th;it thtf etlect^ of the chai^ of phase are in 
9(,^tti^ ctjt«Kt^ utt(vrtant« The coefficients of parallax are 
^^vcvnI itt :$«^vvral ins^tances br more than 0*1 and in 
|vkv> vnAet\'<$ bv i.v^« In the cases of Crozet Island 
vTiftM^ m ;M»i Chaijtam Island (Table IIL) solar 
^^tvvucioJLu^ ;iu:^ :$o ott^Hwed* that diese stations, which 
>fcvuW hA>^ tv> b< r^wced if central passage were con- 



^''>a;.»ivj* IV. yrwoiti-* in vt». t'i^ iC iw^. an abeCrart of the reasoc- 
•^ij* '\v ^ii:cl> tiK' Ai.»».»iKtiOil::tv or HjJIii»j'<f nwtfcjd in 1574 ip»s Ammo- 

>m\i\.. \\ .i^^IitAl. t^c ^au ;;;wl<» ;ic ihn tod ^ che book iibooU be CQO- 
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eidered, are shown to be well suited ifor the observation 
of internal contacts. The diminution of all the co- 
efficients in Table III., through the change of phase, 
has an important influence on the value of Delisle's 
method, so far as egress observations are concerned. 
It is important to notice, also, that under the heads C 
in Tables III. and IV. many stations not hitherto 
recognised as available are included among the best 
places for observing egress. The Indian stations in 
Table IV. seem too valuable to be neglected.* Pesha- 
wur is better even than Alexandria; Delhi is not 
inferior to the latter station (when solar elevation is 
considered as well as coefficient of parallax). Bombay, 
Calcutta, and Madras are also excellent. It may be 
noticed also that Bombay and Madras, which, when 
considered with reference to central passage, had 
seemed suitable places for the observation of retarded 
ingress, are found to have so poor a coefficient of 
parallax when reference is made to internal contacts, 
that it would seem useless to observe ingress there (so 
far at least as the application of Delisle's method is 
concerned). 

* Of course, it w^ill be impracticable for this country 
to send observers to more than a certain number of 
stations. But it is not unlikely that besides Kussia, 
France, and England (the only countries specially 
concerned in the transit of 1874), other nations may 

> Several times during the past year the mistake has been made of 
stating that I originally advocated North Indian stations for applying 
the photographic method. The above passage, written before this method 
had been thought of, contains my first reference to those stations. 
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care to take part in the solution of the noble problem 
of determining the sun's distance ; and thus it seems 
advisable that all the stations where there will be any 
chance of obtaining useful observations, should be 
tabulated as nearly as possible according to their rela- 
tive values.' 

A discussion followed in which an attempt was 
made to show that Delisle's method was equal in value 
to Halley's. Even if this could have been proved, it 
would have been little to the purpose, since the ques- 
tion was not whether Halley's method was more or 
less favourably applicable than Delisle's, but whether 
it was applicable at all. This discussion was carried 
on in public. A private correspondence arose out of 
a letter which I addressed to Sir G. Airy, assuring 
him that my sole wish was to assist in securing what 
every astronomer agreed was desirable — the best pos- 
sible utilisation of the opportunities available in 1874 
and 1882. Sir G. Airy wrote me a letter, forwarding 
a copy to Admiral Manners, then President of the 
Astronomical Society, in which he complained that his 
paper of December 1868 had been treated as though 
it claimed to be an exact discussion of the conditions, 
due allowance not being made for his own statement 
that it was but a preliminary and comparatively rough 
investigation of the problem. This led me to believe 
(mistakenly, as afterwards appeared) that I had taken 
up the subject too hastily; for Sir G. Airy seemed 
not merely to promise a thorough analysis of the whole 
subject, but to imply that this was what had been 
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intended all along, the suggestions made in December 
1868 being merely provisional, and the actual arrange- 
ments to be proposed to Government depending on the 
promised thorough investigation. 

Nothing could have been more satisfactory than 
the course thus indicated ; and, accordingly, from that 
time (the summer of 1869) until the summer of 1872, 
I addressed no communication whatever on the subject 
of the controversy,^ either to Sir G. Airy personally 
or to the Astronomical Society. Nothing, however, 
was done in this interval except to carry out the 
arrangements proposed in 1868. Accordingly, in 
1872 I wrote to Sir G. Airy, recalling his attention 
to the promised investigation of the subject. I then 
learned for the first time that the old arrangements 
were still adhered to. On this, I made such protest 
as a student of astronomy, independent of oflScial 
trammels, might properly (in my judgment then and 
now) address to the oflScial astronomer to whom the 
charge of the matter had been left in accordance with 
ancient custom. 

After this protest I allowed yet half a year more 
to elapse, and then, nothing having been done, it 

seemed time to take more earnest measures.^ 

*■ 

* A paper of mine appeared in the * Monthly Notices ' for January 
1870, in which the application of photography to the observation of the 
transit was dealt with ; but this paper bore no reference to the ques- 
tions which had been raised by me in 1869. 

' In the interval events had taken place within the Astronomical 
Society to which I see Sir Edmund Beckett has thoiight it desirable to re- 
Jer in the latest edition of his * Astronomy without Mathematics/ Those 
eyents had no real importance, however, except for the animxM shown. 
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I accordinglv resumed the discussion in the ^ Spec- 
tator * for February' 8. By a singular coincidence a 
poweriVil paper apj^ared in the * Times ' of February 
13 supporting the views which I had advanced. This 
pa}^r was commonly, and I believe correctly, attri- 
buted to Sir Edmund Beckett. (In his ^ Astronomy 
without Mathematics' he mentions the rumour without 
contradicting it.) And many believed that the co- 
incidence was not accidental — that is, that the nearly 
simultaneous appearance of the two papers had been 
planned beforehand. But this was not the case. 
Neither had Sir E. Beckett any prior knowledge of 
my intention, nor had I of his. 

What followed strikingly illustrated at once the 
power of the press and the unwillingness of the official 
mind to move from a position once taken up. Aware 
of the latter peculiarity, I thought it desirable to bring 
my pro}K>sals forward in such a way that some point 
mi^cht be flatlv refused, in order that essential matters 
micrht be vielded. It was not difficult to effect this. 
There was very little prospect at that late date that. 
Antai'ctic stations would be occupied for the transit of 
1874. Enderbv Land and Possession Island, near 
South Victoria Land, were, geometrically, among the 
best southern stations for observing the transit ; and 
if all had been trustworthy that was said of the last- 
named station by Admiralty officers in December 1868, 
this station would have be^ien not only geometrically 
excellent but meteorologically preferable to most of 
the southern stations already provided for. It re- 
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qu&ed^ indeed^ that a party should winter there ; and 
I had pointed out two years before, in * The Sun,' the 
fact (which Commodore Davis seemed to have for- 
gotten) that when Ross landed there in 1847, the 
sailors were quickly compelled to retire by the abomi- 
nable smell proceeding from the accumulations of 
guano. The proposal of an Antarctic station was 
therefore an excellent one to be refused, if, by allowing 
the official mind that luxury, concession might be 
obtained on other and more important points. 

Matters befell as I anticipated as respects the 
refusal, though concessions were not at first made 
very willingly. ^ On a review of the whole case,' said 
the Astronomer Royal in his reply, ^I decline to 
recommend that an expedition be sent to any station 
on the Antarctic continent.' 

Per contra^ no concession was made except the 
admission that North India ought to be occupied by a 
photographic party (not as a Delislean and Halleyan 
station). The use of Halley's method was opposed 
absolutely, on the ground (i.) that the Russians would 
probably not occupy Nertschinsk, the station in Siberia 
(marked 6 in Plates XII. and XIII.) which I had 
specially recommended, (ii.) that Puiseux had probably 
abandoned his ideas respecting the use of Halley's 
method (which ideas, said Airy, ^have not again 
been promulgated on the Continent '), and (iii.)that 
no other nations would care to provide for northern 
Halleyan stations. A few days later, Mr. Goschen, 
then. Secretary of the Admiralty, said that even at 
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rxiiise iC&rsTcs alr^adj proirided for. where, as I had 
fttfi-v^. r=r3.rS:ci§ oxLi h^ mdflv noted, thev would 
iziiiefii te nical, bo? Ihtle refiance would be phiced on 



lZ. irric^osare ^yAtreiemps diminished the effect of 
ii-> v£:"al iziTiiitlrrr. Within a few davs from Sir G. 
AEtt"* i=cLkr£=:y has belief that other nations would 
r»:c irriy Hil!ey'« method — nay, that probably not even 
a s:crari- ^rrch^m Hallexan station at Xertschinsk 
wicLi ti* occupied — came news Aat Rusna proposed 
Ti /•--T.-rrjr ».'/ t*«Af y^rUrkimskj but ten other If aileron 
*^. :r: t j ix S:5^Tia ; that America proposed to occupy 
thr^TT orhrr northern HaDeyan stations ^ Germany 
ivj t.^^rs: and before long it was announceil that 
France would occupy two other northern Halleyan 

But it was still possible that these energetic pro- 
ce^ings by other nations might be rendered useless 
by shortcomings on our part; for as yet no ade- 
quire pn>Ti5i«>n had been made for southern Halleyan 
stations, and it was manifest that other nations were 
looking to England to take a large share in this part of 
the work. Eighteen northern Halleyan stations were 
pn>vided for. and as yet only one first-class southern 
Halleyan station, Kerguelen's Land^ — and that origi- 



' S*.r Grjorse Airr scon after wrote to me that there bad been some 
n;-*ur.si;rr*:and:r^ her«, I should conceire on the whole that there had 
\«v.. I: n»v f^rhapis b* easilj understood that Mr. Goschen, who, 
o: vvur««« had no technical fimiliaritr with the subject might hare 
misappi«h«nd«d some statement addressed to him by Sir G. Airy, 
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nally named without the least idea that it was a 
Halleyan station at all. 

The time had come for very plain speaking. Be 
it noted that if Delisle's method succeeded at each of 
the selected stations, then the transit would yield very 
good results; but even then not so good as though 
Halley's method were extensively applied in addition. 
For every method successfully applied, and indeed 
every observation, reduces the probable error in the 
final result. But there was at this stage a risk that 
the operations would fail altogether.* If, as was and 

' Very strangely, what I said in May and June 1873, about a great 
risk of failure, has been regarded as altogether inconsistent with what 
I have said during the present year about a great chance of success. Mr. 
Christie, (described in the 'Greenwich Reports' as *the Astronomer; 
Boyal's confidential representative,*) gravely took me to task in the 
• Academy ' for this alleged inconsistency ; and even in an exceedingly 
feir-spirited review in the • London Quarterly,' my fears in 1873 are thus 
referred to : — * This we think is where Mr. Proctor has erred ; for he 
subsequently expresses at least comparative satisfaction with the final 
arrangements/ I will now give the very words in which in June 1873 
I described the risk of failure in 'Fraser's Magazine*: — *Let the fol- 
lowing startling facts be noted in conclusion. If there is bad weather 
^tker in the Sandwich Lsles on one side, or at the Mauritius group and 
Kerguelen Island on the other, Delisle's method applied to the beginning 
of the transit will fail totally. If there is bad weather eUher in the 
New Zealand Islands, or at the opposite northern stations, Delisle's 
method applied to the end of the transit will fail totally. There would 
remain, then, only the chances depending on the three methods which 
Teqnire that the whole transit should be seen. For these methods 
ample provision has been made in the northern hemisphere, by Bussia, 
Germany, and America ; so much so that England*s neglect as regards 
Iter North Indian stations becomes of relatively small importance. But^ 
in the southern hemisphere, Kerguelen Island is the only really well- 
placed station to be occupied for applying these methods, and at 
Kcsguelen Island fine weather occurs on about one day in ten. There 
remain the Macdonald Islands, suggested (only) for occupation by 

O 
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is possible, Delisle's method were to be frustrated by bad 
weather at the Sandwich Islands or at Kerguelen Island 
and neighbouring stations, then ingress observations 
would fail. If egress observations were to be frus- 
trated by bad weather at New Zealand and neighbour- 
Germany, but unlikely to be occupied except by a specially nautical 
nation. Yet the whole space between Kerguelen Island, Enderby Land, 
Possession Island, and Auckland Island, is suitable for the three methods 
(and also, be it noted as important, for Delisle's method). There are 
several islands scattered over this region, and probably many others 
which have not yet been discovered. It is most unfortunate that nothing 
has been done, during the four years which have passed since I noted 
these facts, to make reconnaissances over the whole of this region ; but 
surely it will be even more unfortunate if no station is occupied in it. 
Of the duty of Great Britain in this matter I have spoken earnestly, 
because I feel warmly. Viewing the matter as an Englishman, I may 
say that I should feel concerned if this duty, neglected thus far by us, 
should be undertaken by America, the country to which, next after us, 
the duty belongs. But viewing the matter as a student of science, my 
great wish is to see due advantage taken of the great opportunitv af- 
forded by the approaching transit, without specially caring whether 
this country or another obtain more honour in accomplishing the task.* 
Now if this warning be viewed in connection with the fact that instead 
of one first-class southern Halleyan station there will now be four, be- 
sides extra stations on Kerguelen Island (forty or fifty miles apart) and 
many new second-class stations, I think satisfaction now will be found to 
be altogether consistent with dissatisfaction in May and June 1873. For 
my own part, however, I am satisfied, rather as a student of science than 
as an Englishman, for of all the four really unpleasant stations in the 
Southern Seas, England occupies the one which is most conveniently 
accessible. But I was not careful to dwell on this point, nor should 
I do so now, were I not compelled by a charge of inconsistency, as 
singular as the dissatisfaction with which my satisfaction has been 
viewed in certain quarters. If I am asked to admit that my suggestions 
were very slowly adopted, and that even now we ought not to be 
altogether satisfied, I am ready to do so. General satisfaction at the 
removal of the great risk of failure is not inconsistent with the feeling 
that much more might have been done by England, and that since 
America WMs^ occupy the first place in the transit of 1882, we need not 
have suffered her to be so completely ahead of us in the transit of 1874, 
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ing stations, or at the opposite reigion, then egress obser- 
vations would fail. In either case very imperfect results 
would be attained; but if both , events were to happen, 
then no result at all would bie achieved. Now there 
were eighteen northern Halleyan stations admirably 
suited to supply a third chance of success by Halley's 
method if they were but properly balanced in the 
southern hemisphere, but otherwise valueless. For 
although, besides being Halleyan, they were also ex- 
cellent as subsidiary Delislean stations (each having a 
double chance, because either the beginning or the 
end would serve for that method), yet the multipli- 
cation of northern Delislean stations could not remove 
the chances of failure on account of the fewness of 
southern stations. In either respect, whether to 
balance the northern Halleyan stations as such, or to 
give new Delislean chances, nothing was at that time 
promised. Apart from all question of the choice of 
methods, there was no suitable provision for southern 
observation. Kerguelen's Land was the only first- 
class Halleyan southern station yet provided for, and 
none of the other southern stations could be regarded 
as high even in the second class. These others — 
Canterbury Island, Auckland Island, Mauritius, and 
Rodriguez, stood fairly well in the second class, and 
that was all that could be said. The only good station, 
Kerguelen's Land, was one at which all the meteoro- 
logists had said that bad weather was far more pro* 
bable than fair weather. I had already pointed out, 
as geometrically suitable, Kemp Island^ Crozet Island, 

o 2 
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Macdonald Island^ the group of islapds of whici 
Campbell Island is the chief, St. Paul's Island^ and 
several others of less value, yet well worth occupying 
if geographically suitable. But Admiral Richards, 
without mentioning these islands by name, had in the 
* Times' described me as recommending the occupation 
of places which were * little better than geographical 
myths.' 

It began to appear as though, after all, nothing 
would be effected until too late, so that perhaps some 
time about the vear 1877 or 1878 astronomers would 
be lamenting that the favourable opportunities presented 
by the transit of 1874 had not been properly utilised. 

But at this critical stage a new force appeared 
on the field, and compelled the Admiralty to retreat 
from the position they had so bravely defended. The 
Board of Visitors at Greenwich met on June 7, 1873, 
and it was there proposed, by Professor Adams, and 
carried unanimously, that Professor Cayley, who in 
his capacity as President of the Astronomical Society 
was Chairman of the Board, should apply to Govern- 
ment ' for the means of organising parties of observers 
in the Southern Seas, with the view of finding addi- 
tional localities in the sub- Antarctic regions for observ- 
ing durations ' — that is, for applying Halley's method. 

Of course, no one expected that this application 
would be acceded to in full. The course pursued by 
Government had thus far been the usual one in cases 
where it is. feared that a change of plan may be con- 
strued into an admission of error. Sir G. Airy had 
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l>een asked to inform the Secretary to the Admiralty 
whether the Astronomer Royal's arrangements were 
-well-considered; and Sir George Airy had replied in- 
dicating his entire approval of the Astronomer Royal's 
arrangements. Admiral Richards had expressed the 
opinion that the Hydrographer to the Admiralty was 
quite right in regarding as * geographical myths' in 1873 
places which in 1868 Admiral Richards had thought 
* easily accessible.' * Moreover ' the suggestions made by 
Sir G. Airy and Admiral Richards in 1868 ^had not 
been brought before the Admiralty in an official form ' — 
that is, were not the suggestions of the Astronomer 
Royal and the Hydrographer to the Admiralty. It is 
perhaps open to question whether this way of in- 
quiring into the matter was the one best calculated to 
elicit just opinions or to lead to satisfactory results. 

Yet the Government could not remain altogether 
idle, when the leading astronomers of England re- 
quested that something might be done (for even Sir 
George Airy, in yet a third character, supported Prof. 
Adams' proposal). Fortunately, the * Challenger ' 
was voyaging in the Southern Seas, and could be 
employed to reconnoitre Kerguelen Land (a part of 
her original programme), and to get a distant view of 
Macdonald Island. The result, presented in combina- 
tion with a storm or so, has been held to establish con- 
clusively the inaccessibility of those ^ geographical 
myths,' which Cook, Ross, and other Antarctic 
voyagers (some of them still living) perversely insisted 
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But other natioDs have not been deterred by 
the dangers and difficulties which unquestionably 
have to be encountered in voyages to sub- Antarctic 
stations. America, inquiring among sealing captains, 
found that the Crozet Islands could be occupied, 
and determined to send an observing party to that 
first-class Halleyan station^ as well as to occupy 
second-rate Halleyan stations in Tasmania^ New Zea- 
land, and Chatham Island. The French Government 
decided to occupy Campbell Island and St. Paul's 
Island (those inaccessible ^ geographical myths '), be- 
sides a second-rate southern station at Caledonia 
Island. Thus already the first-class vHalleyan stations 
had been quadrupled in number, .aiid the second- 
class largely strengthened. Gertewaiiy and America 
both proposed to occupy Macdonald Island, if pos- 
sible, but found that this island (sometimes called 
Heard Island) really is almost, if not quite, inacces- 
sible, though an attempt will be made to land a party 
there. Our own country sends a second observing 
party to Kerguelen Island (to be stationed fifty miles 
from the other),^ with instructions to occupy Mac- 
donald Island, if possible.^ If not, there will be four 
parties in different parts of Kerguelen Land ; and 
as the island is large, and the different parties will 
employ, besides Delisle's and Halley's method, two 
different modes of photographing the transit, we may 

* So the chief of the two English Kerguelen pirties informed me. 
What I learned when in Ameriwi from Mr/ Chappell, the head of the 
sealing merchants in those seas, does not encourage me to believe that 
the attempt will succeed. I hope it will be made, however. 
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consider that the Kerguelen stations will be equivalent 
to at least two separate chances of success. Adding 
the first-class Halleyan stations, Crozet, Campbell, 
and St. Paul, and the second-class stations, Bourbon, 
Rodriguez, Mauritius, Hobart Town, Melbourne, 
Sydney, &c., as well as the first-class Delislean 
stations in the South, and remembering that all the 
southern stations are good Delislean stations, while 
several of the added Halleyan stations are doubly 
good Delislean stations because serving both for in- 
gress and for egress, it must be admitted that the risk 
of failure to which I pointed in May 1873 has been 
as completely removed as circumstances allowed. It 
would be no exaggeration to say that the chances of 
success have beew quadrupled since then, 

I have omitted to mention (in fact, the change was 
made so quietly that I do not know where to place it) 
that the North Indian station Roorkee, which had 
been first described as only to be used for photography, 
is now provided for as a Delislean and Halleyan station. 

About this time it was discovered : — 

First, that when Sir G. Airy said the method of 
durations fails totally in 1874, he meant Halley's 
method as it would have been used if the transit of 
1761 had been nearly central.* Secondly, that from the 
beginning he always meant to apply Halley's method 
in 1874, wherever it could be applied.^ Thirdly,^ that 

* See 'Nature' for June 1874. Compare note, p. 162. 
' See 'Naval Magazine' for. October 1874. 
■ See ' Academy' for August 1874. 
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Halley*s method is Dot really to be applied by English 
observers, since they are not instructed to observe the 
duration of transit, but to observe the time when transit 
begins and ends. 

Majora canamus. 



In the meantime, a new and most important 
auxiliary method of observing the transit — the photo- 
graphic method — which may hereafter, even if not in 
the case of this year's transit, become the most trust- 
worthy of all, had been suggested by Dr. De la Kue, — 
or rather, it may perhaps more fairly be said, that 
this method, first suggested by Faye, had been ex- 
hibited in a practicable form by De la Rue. 

In December 1868 Dr. De la Rue read a paper 
before the Astronomical Society containing the follow- 
ing remarks, inter alia : — 

* The conditions which transits of Venus offer for 
the determination of the relative position of the sun's 
and planet's centres are more advantageous than those 
presented by solar eclipses, inasmuch that it is far 
more easy to measure directly the distances between 
the centre of the disc of the sun and that of the image 
of the planet upon it, than it is to measure the dis- 
tances between the peripheries of the sun and moon,' 
or the angular opening of the cusps ^ of the partially 
eclipsed sun. And in transits of Venus any error of 
observation would not affect the final result nearlv so 
much as in solar eclipses ; for example, in the transits 

' PhU. Trans., p. 383, Table I. « lb. p. 66, Table III. 
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of 1874 and 1882, an error of V^ in the measurement 
would, for the maximum displacement, give an error 
of only C'185 in the deduced solar parallax. 

* Moreover, it may be observed that in photo- 
graphic records it is by no means important to catch 
exactly the phases of contact, as two photographs 
obtained at a sufficient interval afford the means of 
calculating to a great degree of refinement, and of 
tracing, the path of the planet, which, for the condi- 
tions of the problem, may be considered to be a straight 
line between the two positions recorded. 

* Nor is it in any way essential, as it is with eye- 
observations, that favourable conditions should exist 
for retarding the period of contact at one station and 
accelerating it at another, because the chords repre- 
senting the planet's path can be derived from photo- 
graphic records with as much accuracy under what 
would be considered unfavourable conditions as under 
favourable conditions for eye-observations, for the 
length of the chords need not be directly considered 
in determining the nearest approach of the sun's and 
planet's centres. 

* During the duration of the transit, it would be 
possible, in a clear state of the atmosphere, to obtain 
a series of photographs at intervals of two or three 
minutes, and any or all of these would be available for 
comparison with the records obtained at all the stations 
selected. 

* The epoch of each photographic record is deter- 
minable with the utmost accuracy: 1st, because the 
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time of exposure is not more than the ^th or the x^th 
of a second ; and 2nd, because the instantaneous slide^ 
as it flashes before the secondary lens, affords an 
audible signal^ by striking against a stop a small 
fraction of a second after it has shut off the image of 
the sun. This interval might be determined by ex- 
periment and taken into account. 

' In the Kew Photoheliograph the solar disc would, 
at the epoch of the transit of 1874, have a semi- 
diameter of 1966*8-thousandths of an inch (a diameter 
of nearly four inches), Venus a semi-diameter of 63*33 
of these units, and the parallax of Venus referred to 
the sun would be represented by 47 '85 of these units ; 
the maximum possible displacement being 95*7 units, 
or nearly po^'^ ^^ ^^ inch. In 1882 the sun's semi- 
diameter would be 1964*9 units; that of Venus 63'31 
units ; the parallax of Venus referred to the sun 
47*82 units; the maximum possible displacement 95*6 
units. 

*When the photographs havie been secured, the 
measurements by means of the micrometer, which 
would have to be performed, consist in determinations 
of the sun's semi-diameter, in units of the arbitrary 
scale of thousandths of an inch, the angle of position 
of ' different positions of the centre of Venus, and the 
corresponding distances of her centre from the centre 
of the sun. ' The measurements by means of the 
micrometer described in the " Phil. Trans." 1862, pp. 
373-374, can be obtained to the ^^^th of an inch 

» Phil. Trans., p. 364. 
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((y'*25), and the position angles to one or two seconds 
of arc For each photograph measurements made at 
different times are remarkably accordant ; the greatest 
difference between the semi-diameter of the sun of the 
several eclipse pictures of 1860 was yoVo*^^ ^^ ^^ inch, 
or about 4'''*5 ; but, on taking the mean of measure- 
ments of forty-five photographs by two different 
methods, the difference was only ^^g^ ths, or about 
C*75. I am inclined to believe that the distance 
could be ascertained to within V^ by means of a few 
pictures, and possibly to C*25, if a sufficient number 
of photographs were obtained. 

* Fears have been expressed that the collodion, in 
drying, becomes distorted; experiments, however, in 
1860-61 have demonstrated that the shrinkage is only 
in the direction of the thickness. But as, in the case 
of the solar parallax, no refinement of correction ought 
tx) be neglected, it would be quite easy to ascertain 
once more whether any distortion does take place, by 
taking photographs on glass plates on which lines 
about a quarter of an inch distant had been previously 
etched; the collodion, which should be rendered 
purposely contaminated with particles in suspension, 
should be poured on the ruled sides to avoid parallax. 
After all the operations of photography, the film would 
have to be examined from the back, and the position 
of certain impurities with reference to the ruled lines 
noted whilst the collodion was wet, and after it had 
dried. 

* No difficulties exist in photographing a transit of 
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Venus; the operations are quite the same as those 
practised daily at the Kew Observatory ; no strain on 
the nerves would occur, as in the anxiety consequent 
on the desire of rendering available every moment of 
the short duration of a solar eclipse. All the opera- 
tions could be conducted with that calm so essential 
for such a problem as the determination of the solar 
parallax, and I feel confidence in recommending that 
timely steps should be taken to secure photographic 
records of the transits of Venus in 1874 and 1882.' 

Three months later, Col. Tennant wrote a paper 
commenting on the practical details of Dr. De la 
Rue's plan, in the course of which he pointed out 
that * if an observer at a separate telescope had a 
break circuit key he could at any moment photographi- 
cally record a phenomenon he saw and the instant of 
its occurrence. An assistant at the heliograph would 
be needed to replace the shutter and insert the dark 
slides, unless the observations are far apart. By using 
a repeating slide and combining the measurements on 
one plate, very valuable normal relations of the sun and 
planet would be found, and observations might be 
made during the ingress or egress (possibly, too, of the 
black drop) in considerable numbers. There is an 
advantage in this mode of observing the transit of 
Venus to which Dr. De la Kue has not alluded.^ If 

^ * Dr. De la Rue has pointed out,' says Col. Tennant, • the facility 
with which the nearest approach can be got from the photographs at 
any one station, but if photographs be taken at two stations at a time 
when Venus is in the plane which includes them both as well as the 
earth's centre, these will show the whole effect of pamllax; and it is 
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ticcurate micrometrical observations can be made bv 
means of photographic pictures, then the range of suit- 
able stations can be greatly enlarged ; for any two 
stations, 140° or 150° apart, can have the observations 
dombiued by choosing a suitable time, and, of course, 
by means of equations of condition, the observations of 
stations in all sorts of places could be used with their 
proper weight. All the photographs could be measured 
by the same micrometer, whose errors of all sorts could 
be veiy carefully examined.' 

To this Dr. De la Rue replied as follows : — 
* With respect to the localities to be selected, the 
employmetit of the photographic method of observing 
transits of Venus has, as 1 have already stated, the 
advantage of rendering us independent of conditions 
favourable or indeed essential for eye-observations ; 
for a few photographs obtained at each station would 
afford the means of ascertaining the path of the planet 
and its position at any given moment ; and hence the 
proposal to determine the position of the planet^s centre 
in relation to the siin's centre really includes the 
particular case contemplated by Major Tennant in the 
foot-note appended to his paper; but it is possible 
that the sun might be obscured at the critical time, at 
one of the two stations selected.' 

In December 1869 I read before the Astronomical 
Society a paper, from which the following passages 
are extracts : — 

£he positions at these instants, and not the nearest approaches to the 
son's centre, which should be compared.' 
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* It is impossible to read Dr. De la Riie's account 
of the results of careful measurement applied to pho- 
tographs of the solar eclipses in 1860 and 1868 with- 
out recognising that we have in photography, as 
applied to the approaching transit of Venus, one of 
the most powerful available means of determining the 
sun's distance. TVithin the last few years, solar pho- 
tography has made a progress which is very promising 
in resrard to the future achievements of the science 
as an aid to exact astronomy. So that doubtless, in 
1874, astronomers will apply photographic methods 
to the transits of that year with even greater success 
than we should now be prepared to anticipate. It has 
therefore seemed to me that the photographic obser- 
vation of the coming transit merits at least as full a 
preliminary inquiry as either Halley's or Delisle's 
method of direct observation. 

* The result of an inquiry directed to this end has 
led me to the conclusion that photographers of the 
approaching transit should adopt for their guidance 
considerations somewhat different from those which 
have hitherto been chiefly attended to. 

* It is undoubtedly true, as Dr. De la Rue has 
pointed out, that the photogriapher of the transit can 
readily take a large number of pictures, and by com- 
bining these, can ascertain with great accuracy the 
path of Venus across the solar disc. And by com- 
paring the paths thus deduced for different stations a 
satisfactory estimate can be formed of the solar parallax. " 
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I do not wish to suggest any departure from this course 
of procedure. 

* On the other hand, it is undoubtedly true, as 
Major Tennant has remarked, that the greatest effect 
of parallax will be obtained, for any two stations, 
when both stations — the earth's centre and the centre 
of Venus — are in one and the same plane. So far as 
those two stations are concerned, his remark is just, 
that it is the position of Venus at the instant when the 
stations are so situated, and not the nearest approach 
of Venus to the sun's centre, which should be com- 
pared. And further. Dr. De la Rue's comment on 
this, to the effect that his method in reality includes 
Major Ten n ant's, is also correct. In fact, there can 
be no doubt that the position of Venus at the particular 
instant referred to by Major Tennant can be far more 
exactly ascertained by a reference to the complete 
path of Venus for each station than from any attempt 
to secure nearly simultaneous photographic records at 
stations far removed from each other. 

* But It appears to me that the method I am about 
to suggest, according to which the whole question will 
be reduced to the determination of a parallactic dis- 
placement of Venus on a line through the centre of 
the sun^s disc, is the one by which the fullest assist- 
ance will be obtained from photography ; while a source 
of error, which has not hitherto bean specially con- 
sidered, will be practically eliminated. 

* * It must be remembered that in the comparison ot 
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photographic records^ whether for the deterinination 
of the path of Venus across the sun's disc at a par« 
ticular station, or for the comparison either of Yenus's 
apparent position or of her path as seen from two 
different stations, the accuracy of the results will 
depend in part on the certainty with which two or 
more pictures may be brought into comparison by 
means of a fiducial line or set of lines. It seems 
certain that no method can be devised by which all 
chance of error from this source can be eliminated. 
The great point would, therefore, seem to be to render 
its effect as small as possible. 

* Now, let us consider for a moment Major Tennant's 
proposition, as giving a convenient illustration of the 




Fig. 42. — Illustrating the photographic and direct methods. 

effects of any error either in the position of the fiducial 
lines, or in bringing those belonging to two pictures 
into exact correspondence. Let fig. 42 represent the 
result of a comparison between two photographs of the 
sun. A B and c D are fiducial cross-lines common to 
both pictures ; a is the centre of Venus for one pic- 
ture, b is her centre for the other ; and on the exact 
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measurement oi ab depends the determination of the 
Bun's parallax^ so far at least as these two pictures 
are concerned. Now it is very obvious that if the 
lines A B, c D^ for one picture, have not been brought 
into perfect correspondence with those belonging to 
the other, the distance ah will be correspondingly 
affected. In fact, it would appear that if the usual 
methods for making the correspondence as exact as 
possible are followed, almost as large an error would 
be introduced through this cause alone as by errors in 
the measurement of a b, since the two processes — the 
measurement of ab and the adjustment of the sets of 
cross-lines — depend on the very same circumstance, 
the nicety, namely, with which the eye and the judg- 




Fig. 43. — niustrating the photographic and direct methodfi. 

ment can estimate minute quantities of about the same 
relative dimensions. 

* But now, if a and b, in place of having the position 
shown in fig. 42, were situated as in fig. 43, it is clear 
that the distance a b will not be appreciably affected 
by any small error in the adjustment of the fiducial 

lines. 

p 
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^ The object, therefore, which it seems most desi- 
rable to secure is that Venus, as seen from two dif- 
ferent stations at a particular instant, should have a 
relative parallactic displacement towards the sun^s 
centre, or as nearly towards the sun's centre as possible. 
This amounts to advling to Major Tennant's conditions 
this further v^ne, that the sun s centre should be in the 
same piano with the two stations — or rather to making 
this c\nulition a substitute for that one which requires 
that the earth s centre should be in the same plane 
with the two stations. For, as a rule, we must not 
cxjHVt to be able so to arrange matters that two con- 
veniont stations on the earth, as well as the centres 
of the earth, Venus, and the sun, should be in the 
same plane, 

* Or. IX^ la Rue s remark, that bv taking a series 
of pictures the jKv>ition of Venus may be ascertained 
at any moment, is hi reality quite as applicable to my 
suggestion as to A[ajv>r Tonnant*s, In fact, were it 
not, we might desjuiir of securing the desired object, 
since we have no reas^ni for believing that astronomers 
are so certain as to the exact progress of the transit 
that the ^vuditious cmild be secured by anticipatory 
instructions: whereas, by applying Dr. De la Rue's 
mothiKl, it will be jK>ssible, alter the transit is past, to 
determine the position ot Venus at the proper instant 
with auv Jesirevl deirree of accuracv. And further, 
it is very obvious that no error in the placing of the 
fiducial lines for pictures taken at the same stations 
can much aft'ect the accuracv of the result, since the 
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comparison of successive pictures, taken at the same 
station, does not directly involve the element of the 
solar parallax, as when we have to compare two pic- 
tures or paths determined at different stations. 

* The object which Plate XVI. was originally in- 
tended to subserve was to determine what stations 
are most suitable for applying photography to the 
transit of 1874, on the principles above enunciated ; 
though, as we have seen, the drawing presents also an 
instructive illustration of the whole charaoter of the 
transit.' 

In Chapter IV., in pp. 148-152, 1 showed bow all 
the chief elements of the transit could be deduced by 
considering the motion of Venus relatively to a pair 
of cones, each enveloping the sun and the earth, but 
one having its vertex outside the earth, the other 
having its vertex between the earth and the sun. In 
the paper from which I have been quoting, after ex- 
plaining the construction of Plate XVI;, I proceeded 
as follows : — 

' We have only to invert fig. 35, and look at it 
from behind, to see what sort of path Venus would 
seem to traverse upon the sun's disc, either with 
reference to the earth's centre, or to any point of the 
earth's surface supposed to be properly depicted upon 
the small discs 1-15 in fig. 35. 

* It follows, therefore, that if we want to determine 
two stations at which at any instant Venus would 
appear to have a relative parallactic displacement 
towards the sun's centre, all that is_ required is that 

f2 
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w« select two statMns wliick mre cm the same radial 
line ^^m the cmizzwa centre of the circular sections 
in %. 3<>« 

* The positions of those radial lines which cross the 
evth s crack c J are eiiiibited in Plate XVI. 

^ Pask>zc^ over pictures 1 and 2, we notice in pio- 
txire o chac Kerguelen*s Land and Crozet Island, 
Iritur nearir on a line with certain of the Aleutian 
IsIauDjds.. su^;gest that pictures taken at the former 
$caccoQ$ as the beginning of the transit could be ad- 
vjir.cao?ou$Ij oompared with pictures simultaneously, 
or almiotsc siaiulcaneously. taken at a station on one of 
the ea:s^eftLmio«ti of the Aleutiansw In like manner 
picciir^:^ cak«:*n near Enderby Land could be adyan- 
ta^^o^y vx^Qipared with pictures taken, at Woahoo. 
IV^jvccion 4 does not differ much firom the preceding, 
buc the croiss^^Iines haTe a^umed a less inclined posi- 
cioa« and Ker^elen*^ Land eoald.« at the epoch be- 
loo^in^ to thi$ picture* be betto* combuied with a 
sv>tti^waat more westerly Aleutian island. Projection $ 
^xhtbics the adv:jknca^ of a photi^raphic station at or 
ttear YokohanuL I^x^babIy such a station, combined 
^ tth otic iu Cro^c I<Iand or Kerguelen s Land, would 
ji:t\e y^by pictures taken near the hour belon^ng to 
IV^jcctiwu 3 ' abisvIuLely the best results which photo- 
^nAj>hy can jive. Th^^ remaining projections suggest 
the tbilowiui: vvmbiuativ^ns ot photographic records: 
IV^jev'tioti 0* Yokohama and Heard Island, Kergue- 
IcuV Laud and a ssation in Manchooria ; Ciozet Island 
aud Pckiu: Cape of Good Hope and Xertadiinsk. 
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Projection 7. Kerguelen's Land and Tsitsikar ; Crozet 
Island and Nertschinsk; Cape Town and a station 
west of Lake Baikal. Projection 8, Kerguelen's 
Land and Nertschinsk; Cape Town and Peshawur, 
or Roorkee; .Repulse Bay or neighbourhood and 
Yokohama ; Perth (Australia) and Yokohama. Pro- 
jection 9. Yokohama and Perth ; Enderby Land and 
Nertschinsk ; Crozet Island and Calcutta ; Cape Town 
and Bombay. Projection 10. Kerguelen's Land and 
Calcutta ; Crozet Island and Peshawur ; Cape Town 
and Teheran, Projection 11. Kerguelen's Land and 
Madras; Crozet Island and Peshawur; Cape Town 
and Aden. Projection 12. Kerguelen's Land and 
Peshawur; Crozet Island and Teheran. Projection 
13. A New Zealand station and Yokohama ; Hobart 
Town and a station near the mouth of the Amoor. 

* From this list we see that Kerguelen's Land and 
Crozet Island, Peshawur and other Indian stations, 
and stations in Siberia, are those which give the most 
favourable opportunities for the application of the 
photographic method.' 

The considerations described in the preceding pas- 
sage were those followed in the selection of stations. 

So far as preliminary inquiries are concerned, it 
remains only to be mentioned that most of the nations 
proposing to take part in the observations have made 
experiments on the phenomena of contact by means of 
an artificial transit. Although the results obtained at 
Greenwich are not altogether so satisfactory as they 
might be, owing to the short distance from the ob- 
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a contact may thus be made at least as small as the 
probable error of longitude determination. In this 
case the value of Halley's method will be largely 
superior to that of Delisle. 

I turn next to the consideration of the plans of the 
various nations taking part in the observation of the 
transit of next December. Before reading what follows, 
the student will find it well to examine Plates VI. and 
VII. successively, after the manner indicated at p. 48, 
for the transit of 1761, and at p. 70 for that of 1769. 
Plates XIL, XIII., and XVI. should also be exa- 
mined. 

To America the pride of place must in fairness 
be conceded. She might reasonably have contented 
herself with but slight efforts on the occasion of this 
transit (because the transit of 1882 will fall pre- 
eminently to her share). But the American Govern- 
ment has voted a sum (30,000Z.) twice as great as that 
which has been granted by the British Government^ 
for the purpose. Then, as I have already mentioned, 
America has undertaken the most difficult of all the 
tasks which the proper observation of the transit 
rendered necessary — I mean the occupation of the 
Crozets. Moreover, the preliminary investigation of 
the conditions of the transit by American astronomers 
is altogether excellent. 



* It must be noted, however, that oup Government unhesitatingly 
granted all that the Astronomer Eoyal asked, so that it would be alto- 
gether unfair to accuse the British Government of stinginess in the 
matter. 
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I have before me as I write the series of charts pub- 
lished by the American Commission appointed to inves- 
tigate the circumstances of the transit. These consist of 
four finely-executed stereographic charts shomng that 
hemisphere (and a fringe beyond) on the earth which 
is turned sunwards at the time of (1) ingress exterior 
contact^ (2) ingress interior contact, (3) egress interior 
contact^ and (4) egress exterior contact. On these 
charts are marked two series of curves, one carried 
through points where the contact occurs at the same 
instant, and the other carried through points where 
the contact occurs at the same part of the sun's limb. 
After a careful study of each chart (a study as careful 
as that which I gave to the Astronomer-Royal's charts 
in 1869), I am able to pronounce them singularly 
accurate for the degree of approximation which the 
authors claim. ^ 

The American astronomers are disposed to rely 
chiefly on the photographic method, applied at 
stations where the whole transit can be seen. The con- 
dition italicised is of some importance as indicating a 



' There is a very elaborate investigation of the error actually arising 
from the use of circles for the time-curves in the projection, to represent 
curves which are not in reality circles of the terrestrial sphere. The 
maximum error is found not to be more than 12', which, says the author 
of the paper, ' having regard to the scale on which the charts have been 
constructed, may be considered as within the unavoidable errors pro- 
duced by imperfection of drawing.* The maximum error is four times 
as great when the curvature of Venus's shadow-cone is altogether neg- 
lected in the usual way, according to which the resulting time-error is 
always of one sign. In the American charts the error is so distributed 
as to bo positive or negative according to circumstances. 
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distinction between two possible photographic methods^ 
one corresponding to Delisle's, the other to Halley's. 
The English arrangements, for example, include the 
application of photography at the Sandwich Islands, 
where only the beginning of the transit can be seen, 
and at Alexandria, where only the end can be seen. 
Such photographs can, of course, only have value when 
the absolute time at which each is taken is accurately 
known. On the other hand, the American stations 
are so selected that photographs can be taken through- 
out the whole continuance of the transit, and these, 
by indicating the chords of transit, will have a value 
independent of the exact determination of absolute 
time; so that, in fact, the original error of the 
Astronomer Royal (I mean the particular error relating 
to Halley's method) would, if not corrected, have 
affected the application of the photographic as well as 
other methods. Fortunately, the American astro- 
nomers have not been misled by it,^ and at all the 
stations they propose to occupy, the whole transit will 
be visible, as will presently be more particularly noted. 
The plan they adopt for photographing the sun 
differs essentially from that which European astro- 
nomers propose to employ. * For the purpose of 



1 At the same time I must remark, that it seems to me altogether 
proper that the Delislean stations in question should be occupied by 
photographers. What I hare all along insisted upon has been, the 
necessity of employing every available method, and occupying every 
available station ; and it would have been a matter to be regretted, 
had any one of the regions originally suggested by Sir G-. Airy been 
neglected. 
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obtaining an enlarged image on the photographic plate,' 
writes Professor Hilgard, of Washington, (describing 
the ordinary method), ^ the image of the sun, after 
being formed in the focus of the telescope, is enlarged 
by a lens or camera to the desired size, the photohelio- 
graphs, as they are called, being thus enlarged to a 
diameter of about four inches. This plan has been 
adopted for the photographic apparatus to be used by 
the British, German, and Russian parties commissioned 
to observe the transit of Venus. A different plan has, 
however, been adopted for the American parties, with 
the view of avoiding some difficulties to which the 
former method may be thought subject. These are 
conceived to reside in the fact that not only all imper- 
fections in the focal image are thus enlarged, but tha 



the optical imperfections of the camera are superadded. 
To avoid this objection it was deemed best to make^s^^ 
the telescope so long that the image formed in its^^^ 
principal focus would need no further enlargement.— -*'' 
Here another difficulty presented itself. The telescop< 
must be forty feet in length in order to give an imag< 
four inches in diameter. Such a telescope, pointed atP^ -^ 
the sun, would scarcely be manageable. Hence the^^"^® 
plan was devised, which Professor Winlock was the^^^^ 
first to put into practical operation. It consists ii 
fixing the long telescope in a horizontal position, anc 
reflecting tlie sun's rays into the object-glass by means 
of a plane glass mirror, moved by clockwork, so as 
throw the image of the sun continually into the tel( 
scope. This need not be done with great precision^. 
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dince^ ds has already been said^ the time of exposure is 
Exceedingly small^ and the mirror can at any time be 
adjusted. It is obvious that, in this arrangement, as 
much depends upon the perfect figure of the mirror, 
as in the other upon that of the enlarging lens ; but 
it is, doubtless, an advantage that different methods 
should be employed, so long as a sufficient number of 
stations are occupied to give an independent result for 
the sun's distance from observations by each method 
alone, since such only can be considered as strictly 
comparable. This condition is amply fulfilled by the 
abundant provision made by the American Govern- 
ment for the observation of the important event in 
prospect.' 

I may remark, however, that Professor Newcomb, 
^th whom I had the pleasure of a conversation rela- 
tive to the subject, attaches very great importance to 
the advantages of the American method. He remarked 
that by employing this method the astronomer is 
enabled to measure the distance of Venus from the 
sun's centre with an exact knowledge of the value of 
the deduced distance, because, the focal length of the 
telescope being known, the value of any distance indi- 
cated in the focal image is at once determined. All 
that is necessary, then, is to determine the centre of 
the solar imiage, which can be safely done by measure- 
ments made from the limb. Manifestly no photographic 
effects affecting the position of the limb in the photo- 
graph could appreciably affect the determination of the 
centre even though such effects were not absolutely 
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unifonn all roimd. But in the ordinary method of 
photographing the determination of the arc-distance of 
A'eDus from the centre is not reliable (in a problem of 
such extreme delicacT), because the estimated ^men" 
sions of the solar image could not be accurately 
determined, while the observed dimensions, being 
determined firom the photographic limb of the sun, 
would be affected more or less by photographic irradi- 
ation. No apparent sharpness of the limb can render 
certain the fact that the limb in the photographic 
image correspunds to the true solar limb. I must 
confess that Professor Newcomb's reasoning seems 
to me irresistible. It will be observed that it does 
not depend on practical or technical knowledge of 
photography, since the photographic irradiation demon- 
strably exists, and is demonstrably variable in amount. 
In a conversation with Dr. H. Draper, of New York, 
whose experience in those matters is well known to be 
unsurpassed, I found Professor Xewcomb's doubts 
fully confirmed. It is true that Dr. Butberfurd, 
whose great practical experience in solar photography 
is unquestioned* agrees with his eminent British rival 
in such work* Dr. De la Bue. But then it is to be 
remembered that both Butherfurd and De la Bue view 
the matter as photographers, while Xewcomb and 
Drajier view it chiefly inym an astronomical standpoint, 
and in this case the astronomical, not the photographic 
relations, are chietly in question. We do not want 
handsome solar pictui*es, but pictures which can be con- 
fidently measured ; and certainly the plan adopted by 
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American astronomers is that which best meets this re- 
quirement.. I may add that a very eminent American 
astronomer, speaking to me on this subject, made 
this strong remark, ^ I regard the photographic method 
adopted by the British astronomers as involving a mis- 
take as fatal as Airy's original mistake would have 
been if uncorrected.' ^ 

The programme of the American expeditions is as 
follows : — 

Eight parties take the field, three in the northern 
hemisphere, ^ where the meteorological conditions are 
supposed to be somewhat more favourable than at 
corresponding stations in the southern hemisphere,' 
where there will be five. The three northern stations 
will be (1) at Vladivostok, in Siberia; (2) at Tien- 
tsin^ in China ; and (3) at some as yet undetermined 
place in Japan. Originally ,^ in response to the strongly 
expressed wish of the Astronomer Royal that two 
Delistean stations should be occupied, one on the 
Sandwich Islands group, and another at Tahiti, the 
Americans thought of occupying Owhyhee, rejecting 
as disadvantageous the suggested Tahitian station. But 
since then the idea of having any Delislean stations 
has been abandoned, and, as just mentioned, the five 
remaining stations are all to be in the southern 
Halleyan region. * The " S watara," ' says an American 
paper, ' the vessel which is to convey the various 

' Lord Lindsay, it is to be noted, will employ the same method as 
the American astronomers, after carefully testing with Mr. Banyard, in 
a series of photographic experiments, the reliability of the two methods. 
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southern observing parties to their stations/ sailed from 
New York during the first week of June, and is * to 
lay in prvnisions at Cape Town, as well as a supply of 
hens tor the sake of their eggs, wherewith to albumenise 
the photi^gniph plates. Then a party will, weather 
|H*nuiiting, be let\ at the Crozet and Kerguelen Islands. 
A* in froipiont conditions of the wind access to the 
Cn^zet Islands is innH>ssible, enough provisions will be 
left with the oWervers, and f)ossible prisoners, to last 
them a whole vear. Fivui Kerguelen the vessel will 
sail to llol>art Town, thence to Bluff Harbour, in New 
Zealand* and thenoe to Chatham Island, the last 
southern [Hunt of ol>servation, which is either unin- 
habit tnl or else inhabited by cannibals. Here the 
* Swatara ' will remain till the transit is over, and will 
then, the possible cannibals allowing, revisit the various 
stations to take up the different parties, supposing 
them to be found.' * Each station will be provided 
with four principal instruments : The photographic 
telcscojK' just described, with a 5-inch object-glass 
ci>rrccted for the actinic rays, and forty feet local 
length : a telescoj>e of five inches' aperture and eight 
feet h>cal length, equatorially mounted for tJie ob* 
servatiou of contacts; a transit instrument for the 
deterniinution of time and geographical position ; and 
an astronomical clo<*k. The telescopes, both visual 
and photographic, have been ordered from the well- 
known firm of Alvan, Clark, and Sons, who have just 
completed and moimted at Washington the greatest 
refracting telescope in the world. Although the 
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photographic method Is mainly relied on, the eye- 
observations of ingress and egress are not to be 
neglected, and it is proposed to supplement them by 
measuring the distances of the cusps while the planet 
is entering the sun's disc and leaving it.' This last 
point I regard as one of extreme importance, as will 
be gathered from my remarks on the subject in ^ The 
Sun,' and in the Monthly Notices of the Astronomical 
Society, vol. xxx. p. 46 et seq. 

While all the American stations, as well northern 
as southern, are Halleyan, the English stations 
originally selected, were all intended to be used solely 
as Delislean stations. In fact, as already seen, in 
dealing with those among them which really are 
Halleyan as well as Delislean, Airy failed to notice 
that both ingress and egress can be observed. 

Nine stations have been provided for, eight by the 
Home Government, and one by the Indian Govern- 
ment. Originally five stations were . to have been 
occupied. 

It is well to note, first, that ample provision has 
been made for the application of Delisle's method. 
No less than three stations will be occupied in the 
group of the Sandwich Islands, where Captain 
Tupman (the head of the entire enterprise) will be 
stationed.' Here photography will be applied specially 

' In an excellent article (though not quite free from mistakes) in the 

• London Quarterly Keview,* the writer justly speaks of Captain Tupman 

as the * moving spirit and master of the whole enterprise.' The success 

of the English expeditions will be.chiefly due to the zeal and energy of 

^aptain Tupman; 
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to the deteimiiiatioii ai the moment of ingress, by a 
contrivance of Janssen's (improved by De la Sue), 
enabling the photographer to take sixty successive 
pictures of the ingress, at the rate of one per second. 
Under Captain Tupman's conunand will be Lieutenants 
Bamsden and Noble, and Messrs. Johnson, Forbes, 
and Barnacle. The observation of accelerated ingress 
has been well provided for, especially as some of the 
Halleyan stations in Japan and the north-east of Asia 
are excellent for this phase also. 

Betarded ingress will be observed at Kerguelen's 
Land and Bodriguez. According to the published 
statements there will be two stations on Kersruelen's 
Land, but Fr. Perry, who is chief in this region, has 
power to assign one party to Heard Island if a landing 
shall be found to be practicable. The three stations 
here are all Halleyan as well as Delislean, the whole 
transit being most favourably visible. • It is well, 
therefore, to note that ample provision has been made 
for applying Halley's method, as well as for photo- 
graphing the whole progress of the transit. The ob- 
servers under Fr. Perry will be Fr, Sidgreaves, 
Lieutenants Corbet, Goodridge, and Coke, and Mr. 
J. B. Smith. At Bodriguez, Lieutenants Neate and 
Hoggan, and Mr. C. E. Burton, will be the observers. 

Accelerated egress will be observed at Christ- 
church, New Zealand, by Major Palmer and Lieu- 
tenants Darwin and Crawford. This station, like 
the stations for observing retarded ingress, is Halleyan 
also, and is now well provided for as a station for 
obsei*ving the whole transit. 
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Retarded egress will be observed at Alexandria 
by Captain? Browne and Abney, and Mr. S. Hunter. 

The transit will be observed ^t Roorkee, in North 
India by Colonel Tennant. The whole transit will be 
observed at that station, and photography employed. 
Mr. Poffson will observe the transit at Madras. At 
Colaba, Mr. Chambers will observe the transit with 
such instruments as were left there by the observers 
of the late Indian eclipse. 

The total cost of the British expeditions, exclusive 
of the Indian station, will be about 1 5,000Z. 

Lord Lindsay's station at Mauritius must be 
mentioned in this connection. The work done there 
will probably be quite as reliable as that done at 
any other station, and the photographic preparations 
are, on the whole, more complete than those adopted 
anywhere else. 

It may be mentioned, also, that Colonel Campbell 
will proceed to Thebes on a private expedition, work- 
ing with the Egyptian party as a volunteer. 

German astronomers occupy five southern Halleyan 
stations, one of these being either the desolate Heard 
Island, or Kerguelen Land (if, as is feared. Heard 
' Island cannot be occupied). Their original purpose 
was to occupy one station in the north, viz. at Chefoo, 
in China, one in the Auckland Islands, and Macddnald 
Island, besides a photographic station in Persia. They 
will rely considerably on the * direct method ' of obser- 
vation. 

The following account of the plans of Russia, 

Q 
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FiBT if> and HoUud k taken finm the excdlent 
aradie ia tibe * Lmidin QmzterlT Befiew/ referred to 
BE Ske Boce ax p. IM: — 

~ Tbe KiwfBm^ BasmallTocciipTthar own l^berian 
ssasyp^ \\ i> fK«aUe diai some linle service may 
be r«-z»is>ei ai Kaia^. Xicolaiet. Charkof, Odessa, and 
erc£ Mc£ciL>v. Box jfuvt firom diese there are to be 
nneB:«T-«Ex ssaoccs: bot €£ these only the foUowing 
will re s=;cac«i wnh a ecai|4ete equipment of ob- 
<«fT-<£^ azii b^soiEnfeeBts^ Tiz. Wladivoetoek« Port 
PstRSiec. Lake Hanka. Xenschinsk, Xhita, Kiachta, 
Tai:9Lk<2L;. Pcf^ P<fv>&ki, F«»t Unkk, Aschora-deli, 
azii £:£t:&s. The&e saadcns will be foniished with 
a$czvo«*afit£ss. who are ptepnred by work with the 
ard&rsjL «7&ssh« aad who are nnnished with excdlent 
<^;2jMvrskii> wi72L ^rckvock BKckni. a heliometer, or i 
Tib:c.>£r&;::ci^ arcur&i^ssw Hi^e odier $tado?is are to be 
fcv-^iSed wiafc px>i <<*5c2rfii^ teie&ciL*pes and the re- 
^wsf --*> -^^ zckfne^j wi:h soaul in»tznnienis. At eleven of 
:i< «-iii:ci> Kci. iss^T^es asd egnes wili be seen, so 
ij:»i: :1^ Il^ljeya:! Zjcibcu zcay be emploved : and at 
rif^ rvc:Jkiz«i^r :c :ibe 5sasaitt» they will be chiefly 
vvck-xfcrifjc wii: reari^vi igne^i. 3d. Scnve also h»^ 
x:iN::>iv' :ii vvcnrnr, ji$ wcil as others that compar»=^ 
^'css- TJ:^i: *:^^ r:^^ asi x:rvji:er aoviraov secured. 

* T*< 5Ci6:ci> v-icisj- by die Ft^dcJl are Campbe^ — 
ir>i Sc. ri::uV l<^d»z>S^w H:cz:jejk. Pekin, Yokoham^^ 
Axxi Siir,'c^ XL Jirss5f*cc r-e? so the Yokohanrr:== 
^j^:x^:r. xr.'i :ii> $5-Ji:d:c: iis cvtz-ecd-on with St. Pai 
^ ;.l ^f a^'t^ j-ifrdiwc :^.^ :hc Ualleyan method. Bi 
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great care is to be taken in the finding of longitudes ; 
so that if only ingress or egress can be observed, the 
Delislean method may be employed. It is also an 
important matter that the French photographs will be 
taken by the Daguerreotype process, ensuring delicacy 
and avoiding the difficulties possible to the shrinkage 
of the film employed in other methods. The parties 
at St. Paul's and Campbell Islands — placed as they 
will be on islands of desolation — are furnished with 
fuel and provisions for six months. Originally the 
sum granted was 300,000 francs; but this is to be 
considerably augmented, and there may certainly 
be excellent results anticipated from this national 
eflfort. 

* Finally, the Dutch are sending out an admirably 
equipped expedition to the island of Reunion. It is 
to be provided with a very fine heliometer and a 
photo-heliograph by Dallmeyer, like those used by 
England ; and two excellent refractors for observation. 
They will also be furnished with meteorological instru- 
ments and all apparatus necessary for finding longi- 
tude and time.' 

So much for the preparations on foot for the transit 
How near at hand. As regards the transit of 1882, 
it would.be premature to speak. It is to be hoped 
that what has happened in the case of the transit of 
the present year will serve in some sense as a warning 
to astronomers not to place implicit reliance on the 
Opinions of any astronomer, however deservedly emi- 
ixent, and also to prevent any unduly hasty expression 

q2 
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ff<j^izi.z. y T fi^THMB wliwe official position would caise 
tfif* Atrsls- !• . ^ oz emw tt> he unpleasant. Adding to thi» 
tr'.'-.i'A-rk'i z. :Le fiwrc tbat a large amount of pnurtkal 
exI.*7-^i■e'::'^r bi the ralce of the varioo« methods of 
t-^^erri'ri-.- »ill j-rofcablT be aeqaired during the ap- 
jnc«tLi::r rrazLsit. we mar well hope that in 1882 even 
wsxir^ tsIuaI'. I-^ •x<?^TTaii'jn« will be made. It needs bot 
a *fc>r: it^ir ..-f the ?iin-view5 forming Plates XIV. 
a&i XV. ..r. preferably in some respects, figs. 37 
az>i Z^ . md of the sterer-graphie projection Plate AIL, 
to see t'. it American astroromers will have to take br 
{%r the oiist imf <i»rtant share in the work of observation 
in trtc r rrhem hemisphere. !MaT it be permitted to 
me. h-: wever, to hope that England, by well-coDsidered 
exf-ediii'Tiis to southern stations, will remove anj 
d*>u!:rs tha: other nations mav have entertained as to 
her zeal fi>r science ? 

I mav note here that while Hallev^s method fails 
totallv for the transit of 1882. a method which, in 
some decr^ee. woald take its place mav be applied 
with oi^^siderable advantage if stations in Patagonia, 
Tierra del Fuego. the Falkland Isles, or, better still, 
the sub-Antarctic islands directly south of Cape Horn, 
could be reached. I refer tn a method which may be 
called the mid-transit method, and which consists in 
the oetern:: nation < preferably by photography) of the 
distance i-f Venus from the sun, near the middle of 
the transit, at two stations where the difference of her 
distance from the sun s centre will be the greatest 
.jrossible. It will be manifest to the student, if t^ 
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considers what I have sdid in pp* 209, 210, ihat 
the advantages claimed for stations on a radial line 
through the centre of Venus's shadow- cone (o in fig/36) 
culminate when the earth is near the centre of her 
chord of passage through the shadow-section v v'. 
Wherever convenient stations exist for advantageously 
photographing the whole chord of transit, it would of 
course be absurd to select a station only advantageous 
for the middle of the chord; but in the transit of 1882 
the whole chord cannot be very advantageously photo- 
graphed at southern stations ; and there will be a 
decided advantage in securing mid-transit photographs 
(as well, of course, as photographs of the beginning 
and end, and series of photographs for the whole transit 
where practicable). 

However, for the present we need not inquire 
very closely into the conditions of the transit of 1882. 
Probably, long before that transit, the observations of 
the remarkable opposition of Mars in 1877, referred 
to in my * Sun ' at p. 25, will have given results 
scarcely less trustworthy than those obtained during 
the approaching transit. 

It is not probable, judging from what Sir G. C. 
Lewis has shown respecting centenarians, that any of 
my readers will witness the transits of 2004 or 2012. 
Nevertheless, it may. be interesting to know the cir- 
cumstances of those transits and the regions of the 
earth where they will be wholly or partially visible. 
Mr. Hind, Superintendent of the Nautical Almanac, 
has calculated the elements of the two transits of the 
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b^inniiig of the twenty-first oentory. His resnlta. 
are thus presented in the Notices of the Astronomical 
SocktT for Febiuarr 1872, p. 184 :— > 



Transit of 2QOA. 

Greenwich Mean Hme of Conjunction in Bight 
Ascension =Jone 7* 20* 51" 28«-8. 

For the centre of tlie Euth. 

d h m 8 ° 

F.7K extrrsa! CDctact June 7 17 3 43 at 115*0 

First isunal cootaA ^ 17 22 30^1180 

Sec-xic citereal co&uct „ 23 5 40 „ 2146 

S«i?oc>i extensal coctaet „ 23 24 32 „ 218*5 ! 

The angles are reckoned fit>m N. towards E. for 
the direct image. 

At Greenwich the entire transit will be visible. 

Transit of 2012. 

Greenwich Mean Time of Conjunction in RigW 
Ascension = June 5* 13*» 4- 44»-3. 

For the c«iitT« of the Eaith. 

d h m 8 ° 

Ft^: ^xteT^Al coctACt June 5 10 22 11 at 40*3 

Fi:-J5 ir.:er=.\: cv-ntA« „ 10 39 66 „ 37*8 

S<v\v3d isten&I ix>ctMC ^ 16 42 6 „ 293*1 

$<vvv.d <i:«;r=Al «»::swt ., 17 0,, 290*5 

At Greenwich the ^ress only will be visible, \^^ 
sun risJusj at 15** 46*. 

* M, Ij^ V^rrer s TaVles of the sun and Venus represent so clo» ^ 
th^ ttK^k'j:^ of the eanh aad Venus in their orbits, that there can 
titlV w«sv^« to doul; that ihe Tables will be as sensibly perfect in 2— •* 
M they aw at the prv^ent tiin«L 
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These results dre illustrated by the projections 
forming Plates VIII. and IX., and by the transit 
chords shown in Plate I. (the Frontispiece). The 
reader who has followed the explanations of Plates 
IV. and V. will have no difficulty in understand- 
ing the plates illustrating the transits of 2004 and 
2012. 

We cannot doubt that when the transits of 2004 
and 2012 are approaching, astronomers will look back 
with interest on the operations conducted during the 
present * transit-season ; ' and although in those times 
in all probability the determination of the sun's dis- 
tance by other methods — by studying the moon's 
motions, by measuring the flight of light, by estimating 
the planets' weight from their mutual perturbations, 
and so on, will far surpass in accuracy those now 
obtained by such methods, yet we may reasonably 
believe that great weight will even then be attached 
to the determinations obtained during the approaching 
transits. I think the astronomers of the first years of 
the twenty-first century, looking back over the long 
transitless period which will then have passed, will 
understand the anxiety of astronomers in our own 
time to utilise to the full whatever opportunities the 
coming transits may aiford ; and I venture to hope 
that should there then be found, among old volumes 
on their book-stalls, the essays and charts by which I 
have endeavoured to aid in securing that end (perhaps 
even this little book in which I record the history of 
the matter), they will not be disposed to judge over- 
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The UNIVERSE and the COMING TRANSITS : Prer 

senting Eesearches into and New Views respecting the Constitution 

of the Heavens ; together with an Investigation of the Conditions of 

the approaching Transits of Venus. With 22 Lithographic Charts 

(4 Coloured), and 22 Woodcut Diagrams." 8vo. price 16s. 

but its matter and substance will gratify 
their utmost expectations of the gran4 
and the sublime.' 



* One of the most exhaustive of modern 
astronomical treatises.' Standard. 

* We heartily commend this book to the 
attention of our readers ; its style is plain, 



Edinburgh Courant. 



The SUN ; RULER, LIGHT, FIRE, and LIFE of the 

PLANETAKY SYSTEM. Second Edition, revised ; with 10 Plates 
(7 Coloured) and 106 Figures engraved on Wood. Crown 8v6. 



price 14«. 

• This volume is a model of a popular 
treatise on Astronomy. Mr. Proctor is 
not only one of the clearest writers who 
have ever expounded the discoveries of 
science to the unscientific world, but is 
himself an original and laborious inves- 
tigator. His work on the Sun records all 
the discoveries about the centre of our 
system which the past few years have 
produced. It is especially full on the dis- 
.ooverics as to the physical condition of 
the Sun which have been made by the 
observation of its total eclipse. The 
illustrations of the red prominences which 
stand out beyond the black shadow during 
the moment of total eclipse are exceedingly 
beautiful, and convey a n-ore complete 
conception of them than is to be gained 
by any other process, except that of 
actually seeing them through a powerful 
astronomical telescope. Mr. Proctor has, 
in fact, embodied and illustrated all that 
is known about the Sun ; and at the same 
time has given a pleasant history of all 
the steps towards these discoveries, and a 
clear indication of the direction in which 



he thinks further discoveries will be 
made. Mr, Proctor tells ns what is 
known and what is only guessed, and 
enables us pretty fairly to appreciate the 
real value of the guesses. The Author's 
power of giving a clear statement of a 
very complicated problem is perhaps best 
illustrated in the section devoted to the 
question of the Sun's distance. It is not 
only the fullest but the clearest popular 
account of the methods and the result of 
his investigation which has ever been pub- 
lished. The object of the volume is to 
fu-nish a full account of the remarkable 
discoveries which have been effected by 
observers of the Sun, whether by means 
of the telescope, the spectroscope, polari- 
scopic analysis, or photography. This is 
accomplished not merely by Mr. Proctor's 
letterpress, but by ten lithographic plates, 
of which seven are worked in colours, and 
one hundred and seven drawings on wood. 
This profusion of pictorial illustration 
makes the book very valuable.' 

Daily News. 
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nVib ftf R. A. Pboctob, B.A. 



Tbe SUX: an Accc»unt of the Principal Modem Dis- 

ix>rer*«r« n?»p«ctis« tlw stzmctiutf of the Sun of our System, its 
Indueoctf ia the ITaiT^rse* and its i«latioii8 with respect to the other 
C«le*t:du Kediei. By F. Skchi. S.J. Director of the Observatory of 
thtf Komjia CoUege. ^Tm2b4ated and edited by Mr. Pboctob.) 
I wl. 5vv\ [/• the pr€88, 

Th^ MlX^X : Her Motions^ Aspect, Scenery, and Physical 

CvnditiioiL AVich :i2 Lithographic Plates» Charts, and Diagrams, 
I WvxU Ka^craviug. and 3 Lunar Photographs by Kutherfdrd of New 
York. CzvwQ Svo. pnv.v 15*. 

Th« STAK DEPTHS* or OTHER SUNS THAN OURS ; 

a TretiriM on ^tan. Star Svstvnus, and Star Cloudlets. Crown Sto. 
with ttonwiuiuf lUustmtions. [/• iAe pre$s. 

UGHT SCIENCE for LEISURE HOURS, Second 

Skjuks ; Familiar £L$:$ays on Scientilic Subjects, Natural Phenomena, 
&c. iucludiug a SkfCoh of tho Life of Mary SomerTille: with 7 
Charts and Dia^ramsw Ciowu Svo. price 7^. B<L 

LIGHT SCIENCE for LEISURE HOURS; Familiar 

£ij8^ys on Scieutiiic Subjects* Natural Phenomena, &c. Second 
Kdition thoroughly revised of the Flbst Sbiuxs. Crown Svo. 7s'. 6d, 



*PiTei»ted of both tecbuicallty luid ex- 
Qoevi-ve ^iiuplicity, cbere it» conveyed to thu* 
(VMfer of tujU» coUectiou of K6«>ays an liu- 

meude aiuuouDt or' loformation It is such. 

ivorlb» «s these from the peu of Mr. Fkoc- 
TOU that silence che cry of out Ovuo un- 
happily prevtileut. We cauxiot all b« 
scholars m tho limited meaiiiug of the 
word, but Me uiay all be scholars in the 
schoul of Natckk, learuiiig to read what 
is preti>eut to uli our st'U:<ei>. It is this that 
^ir. Fuotxuu does— brings a cultured braiu 



to sift those questions tiutt others hare not 
the opportouity of e^ea meeting with — a 
true Interpreter, who lewoki nature's lan- 
guage not for hinuelf alone. Mon of 
these assays have been be^xe the pablic in 
another form, but thoe is not one that 
would pall upon a second perusal ; while 
some, published in a college magazine, are 
new to the general reader. Tbe subjects 
are so rarious that he must be haid to 
please who does not lind sufficient to in- 
terest him in the volume.' 

JoUitSAL <{/' SCISSCE. 
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OTHER WORLDS THAN OURS; the Plurality of 

Worlds studied under the Light of Eecent Scientific Eesearches. 
Third Edition, revised and enlarged ; with 14 Illustrations. Crown 
8vo. price 10«. 6<?. 



'Probably no science during the last 
few years has made such rapid strides as 
astronomy. Thisadvance is mainly owing 
to the discovery of the spectroscope, and 
its application to astronomical purposes. 
That wonderful instrument, more wonder- 
^l], perhaps, than the telescope, may be 
properly termed a liglU'Si/ter, and is used 
to analyse the light which comes to us 
from other orbs across the ocean of space, 
so as to set before ns their general cha- 
racter and structure. The Author of the 
present work attempts to make use of the 
startling discoveries effected by the aid of 
the spectroscope, in order to form juster 
TiewB of the structure and' relations of 
the planetary and stellar systems. He 
agaiu raises the question of the plurality 
of worids, which a few years ago employed 
the scientific and dialectic skill of such 
men as Dr. Whewell and Sir David 
BBKwaTEB, and ages before fascinated the 
eariy philosophers of ancient Greece. Mr. 
Proctor considers that science has pro- 
80 rapidly of late that Uie subject 



of life in other worlds has assumed a new 
aspect since "Whe well's Plurality of 
Worlds and Brewster's More Worlds 
than One were written. Arguments which 
were hypothetical thirty years ago have 
either become certainties or been dis- 
proved. Doubtful points have been cleared 
up ; a new meaning has been found even 
in those facts which were well known to 
both the disputants; and, lastly, a new 
mode of research has been devised, which 
has not only revealed a number of sur- 
prising facts, but promises to work yet 
greater marvels in the years which are to 
come. Certainly Mr. Proctor has taken 
some pains and trouble to expound and 
illustrate his arguments and theories ; and 
his work shows, moreover, much patient 
research and wide scientific reading. If 
we are occasionally compelled to differ 
from some of his conclusions, we cannot 
deny the fact that he has produced a most 
interesting work on a vei-y fascinating sub- 
ject.' Examiner. 



The ORBS AROUND US ; a Series of Familiar Essays 

on the Moon and Planets, Meteors and Comets, the Sun, and Coloured 
Pairs of Stars. Crown 8vo. price Is, 6d. 



ESSAYS on ASTRONOMY: a Series of Papers on 

Planets and Meteors, the Sun and Sun-surrounding space, Stars and 
Star Cloudlets ; and a Dissertation on the approaching Transit of 
Venus ; preceded by a Sketch of the Life and Work of Sir John 
Herschel. With 10 Plates and 24 Engravings on Wood. Svo. 



price I2s, 



'To those who wish to learn some of 
. the great results which have been recently 
achieved in astronomical science we 
heartily recommend the volume. Although 
Mr. Proctor writes in a popular manner, 
his sketches are evidently based on a care- 
ful investigation of the subjects in their 
scientific aspect, and are not mere turgid 
addresses on the silent stars and the glori- 
ons orbs of heaven. He is an astronomer 



himself, one of those laborious observers fol- 
lowing in the footsteps of the Hbuschels, 
and not a mere theorist and poetical 

populariser The papers on the 

Planets, Meteora, and Shooting Stars, the 
Solar Corona, and the Zodiacal Light, are 
especially valuable, embodying as they do 
the most recent observations and dis- 
coveries.' Examiner. 
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SATURN and its SYSTEM ; containing Discussions of 

the Motions (real and apparent) and Telescopic Appearance of the 
Planot Saturn, its Satellites and Rings ; the Nature of the Rings ; 
the Great Inequality of Saturn and Jupiter; and the Habitability 
of Saturn. To which are appended Notes on Chaldsean Astronomy, 
Laplace's Nebular Theory, and the Habitability of the Moon; 
Annotated Tables ; and Astronomical Vocabulary. With 14 Plates. 
8ro. price 14s. 



• Mr. Proctor's now theory of the rinpp? 
indefinitely raises onr estimate of the 
marvellous nature of the phenomena they 

exhibit Mr. Proctor may fairly 

claim the title of the historian of Saturn. 
All that is known about the planet, and all 
that can be conjectured by a well-trained 
mathematical mind, is detailed at length 
in this volume.' Spectator. 

* A most valuable volnn^e From 

it, more than from almost any other book 
vWth whirli we are acquainted, do we get 
an idea of the stupendous actual and 



potential enertrfes of onr minds, and of 
the many-sided attacks made hy them 
upon things unknown. How many in a 
thousand know as much of our earth as 
anybcdy may learn about Saturn in a day 
from the book before ns ? Mr. Proctor 
is happy in his subject, and equally happy 
in his treatment of it. The illustrationa 
are second to none we have ever seen, and 
add greatly to the value of the book, the 
style of which is really a model of semi* 
special treatment of a scientific subject.' 

EXAMIKSR. 



A NEW STAR ATLAS, for the Libraiy, the School, 

and the Observatory, in 12 Circular Maps (with 2 Index Plates). 
Intended as a Companion to • Webb's Celestial Objects for Commoa 
Telescopes.' With an Introduction on the Study of the Stars, 
illustrated by 9 Diagrams. Crown 8vo. price bs. 



' The small size of this excellent Atlas 
renders it quite capable of being carried 
in the pocket, and makes it, in conse- 
quence, very handy. The distortion in 
these maps, resulting from the necessity 
of represpnting a convex surface by a flat 
one, so that objects in the centre are of 
necessity on a much smaller scale than 
•those near the circumference, is reduced 
to a minimum. The maps are twelve in 
number, and are very clearly and admir- 
ably enpraved : thero is a short introduc- 
tion, which will help the beginner very 
considerably ; and, on the whole, the work 
is one likely to be useful both to the 
learner and the scientific astronomer.' 

Educational Times. 

* The great di/flculty in all celestial 
atlases is to got rid of thp distortion con- 
sequent on the necessity of representing a 



spherical surface upon a flat one. Of 
course, in terrestrial maps the same diffi- 
culty exists, but in a much less degrree, as 
the spaces on earth are so much smaller, 
in comparison with the amount of spheri- 
cal curvature, than those in the heavens. 
In many atlases, even in one as good as 
that published by the Useful Knowledge 
Society, the same space in the heavens 
occupies five times as much at the edge 
as in the centre of the map, and sudl a 
disproportion goes a long way to make 
the maps entirely useless. In the present 
Ati^s this distortion is immensely re- 
duce 1 ; but its small and handy size is its 
great recommendation. The book is one 
for the pocket or the observatory, and 
contains in a small compass as much as 
many volumes twice its size.' 

Laxd and Water, 
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ESSAYS in ECCLESIASTICAL BI06BAPHY. By the Eight Hon. 
Sir J. Stephen, LL.D. Cabinet Edition. Crown 8vo. 7s. 6d, 

HAUNDEB'S BIOaBAPHICAL TBEASUBY. Latest Edition, re- 
constructed, thoroughly revised, and in great part rewritten ; with 1,000 addi- 
tional Memoirs and Notices, by W. L. B. Gates. Fcp. 8vo. 6*. cloth ; 10*. calf. 

LETTEBS and LIFE of FBANCIS BACON, including all his Occa- 
sional Works. Collected and edited, with a Commentary, by J. Speddinq, 
Trin. Coll. Cantab. Complete in 7 vols. 8vo. £4. 4«. 



Criticism^ Philosophy^ Polity , &c. 

A SYSTEMATIC VIEW of the SCIENCE of JUBISPBUDENCE. 

By Shkldon Amos, M.A. Professor of Jurisprudence to the Inns of Court» 
London. 8vo. price ISs, 

A FBI HER of the ENGLISH CONSTITUTION and GOVERNMENT. 

By Sheldon Amos, M.A. Professor of Jurisprudence to the Inns of Court. New 
Edition, revised. Post8vo. iln the press* 
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n« INSTITUTES of JUSTIVIAK ; with English lBtE9diiction, TnuMh 
lation and Notes. By T. C. Babdabs, M.A. Sixth EdUioii. 8vo.l8«. 

SOCBATIS and «k« 80CBATIC SCHOOLS. Translated from th« 
Gennan of Dr. B. Zblub, with the Anthor's approval, by the Ber. Ositald J. 
Beichel, M«A« Crown 8to. Ss, 6d, 

Tha STOICS, SFICUEIAVS, aad SCEPTICS. Translated from the 
German of Dr. E. Zeujsr, with the Author's approval, by Oswald J. Bbchxl, 
ICA. Crown 8vo. prioe lia. 

The ETHICS af ARISTOTLE, illustrated with Essays and I7otes, 
By Sir A. Obaut, Bart. MJL LLJ). Third Edition, revised and partly 
rewritten. C/n the pnu. 

Tha POLITICS of ABISTOTLE ; Greek Text, with English l^otes. By 
BiCHABD CoHOBKVE, MJL New Edition, revised. 8vo. 18<. 

The HICOMACHEAH ETHICS of AEI8T0TLE newlj translated into 
English. By R. Wiluahs, B.A. Fellow and late Lecturer of Iforton Ccdlege, 
and sometime Student of Christ Church, Oxford. 8vo. 12$, 

SLBVEHTS of LOGIC. Bj K. Whatelt, D.D. late Archbishop of 
Dublin. New Edition. 8vo. lOx. 6<2. crown 8vo. 4«. 6<f. 

Elements of Ehetoric. By the same Author. New Edition. 8to. 
lOt, 6d. crown 8vo. 4«. 6d, 

English Synonymes. By R Janb Whatelt. Edited by Archbishop 
Whatelt. Fifth Edition. Fop. 8vo. prioe Zs, 

SEHOCSACY in AMERICA. By Alexis de TocQirsYnxB. Trans- 
lated by Henry Beeve, G.B., D.G.L., Corresponding Member of the Institute 
at France. New Edition, in two vols, post Svo. lln the preu, 

POLITICAL FEOBLEMS. Keprinted chiefly from the ForimgMy 
Review, revised, and with New Essays. By Fbidjebic Hasbison, of Uncohi's 
Inn. 1 vol. Svo, [In (he press, 

THE SYSTEM of POSITIVE POLITY, or TREATISE upon SOCI- 
OLOGY, of AuGUSTB CoMTE, Autbor of the System of Positive Phlloeophj. 
Translated from the Paris Edition of 1851-1854, and furnished with Analytical 
Tables of Contents. In Four Yolomes, 8vo. to be published wepaxtJuHj : — 

[In the press, 
YoL. I. The General Yiew of Positive Polity and its Philosophical Basis. Trans- 
lated by J. H. Bbidgiss, M.B. 

YoL. II. The Social Statics, or the Abstract Laws of Human Order. Translated 
by F. Harrison, M.A. 

YoL. III. The Social Dynamics, or the General Laws of Human Progress (the 
Philosophy of History). Translated by E. S. Bebsly, M.A. 

YoL. lY. The Synthesis of the Future of Mankind. Translated by B. Conorkve, 
M.A. 

BACON'S ESSAYS with ANNOTATIONS. £y R. Whatelt, DJ). 

late Archbishop of Dublin. New Edition, 8vo. price 10«. 6<l. 

LORD BACON'S WOSES, collected and edited by J. Spkddimg, MjL. 
B. L. Ellis, MJL. and D. D. Hsath. 7 vok. 8vo. price £3. 18«. 6d. 

B86AY8 CBITICAL and NABBATIVE. By William Fobstth, Q.C. 
LL.D. M J*, for Maiylebone ; Author of * The Life of Cicero,' kc, 8vo. 16«. 
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Tilt SVBJXCnON Of WOlCm. ^ Jtmx SniisT Hixu .Kew 

Edition. Post 8vo. 5«. 

Ob BSFBSSENTAIIVB GOTIBVlEiarx. 3j Jasm Stuass Miu. 
down 8vo, price S«. 

On LIBEmTY. By Jomr SruAsr Mux. New Editioit. Pbst 
8to. 7«. 6d. Crovm 8to. pike U. id. 

PBniCIPLSS of POLITICAL XCWKOMT. By ihe samo Author. 
Strenth Sditioa. 2 t(^ 8vo. aOi. Ok in 1 voL eiawn 8to. prioefa. 

S88AY8 on 80XX UNKEITLEB QtrESTIOn of POimCAL 

SOONOMY. 1^ John Stuabt ICiLL. Beeood Bditioik. 8vo.e«.M. 

ITTILITABIAKISII. By John Stttabt Hill. New Edition. 8vo. 5«. 

1US8XBTATI01I8 wul BISGlTSaiONS, POLITICAL, PHILOSOPHI- 

CAL, tnd mSTORIOAU Bjf John SnrAar Hill. 8 fdai 8v«. 86«. 

EXAKINATION of Sir. W. HAXILTOH'S PHILOSOPHY, and of the 

Principal Philosophical Qae9t>)ns discoawd in liis Wzitlngs. By John StnuLsa 
Kill. Fonrth Edition. 8to. 16s. 

As OITTLniE of tho KECBSSABY LATTB of THOtTOHT; a Treatise 
on Pnre and Applied Logic. By the Most Kev. W. TBoicsoir, Lord Archbishop 
of York, D.D. F.B.S. Ninth Thousand. Grown 8to. price 8«. M. 

PSUICIFLZSofBCONOinCALPHILOSOraY. ]^ Hsnby DumnKO 

KACutOD, M.A.BaRi8ter-at-Law. Second Edition. In Two Tolmnes. Tol.1. 
8to. price lfi«. 

A 8YSTEH of LOOIC, BATIOCIH ATTTB and INBTTCTITE. By John 
SutabtMill. Eighth Edition. Two toIs. 8to. 36<. 

The XLXCnON of KEPBESXlfTATIYXS, Parliamentary and Muni- 
cipal ; a Tteatiae. By Thomi£ Habb, Bandster-at-Law. Grown 8vo. 7s, 

iPXXGHSS of ttt BI0HT HON. LOBB MACA7LAY| corrected by 
Himself. People's Edition, crown 8yo. 3«. 6d. 

lord Maeanlay's Speeches on Parliamentary Beform in 1681 and 

1882. 16nio. Is. 

TAXUJMA of 8PXBCH : Four Lectures delivered before the Boyal 
Imtitiitlon of Ghnab Britain. By the Ber. F. W. Fabkab, D J>. VM.S. New 

Edition. Grown Svo. 3«. 6<l. 

GHAPTEBS on LANOT AOB. By the Bey. F. W. Fabbak, D.D. F JIJ3. 
New Edition. C^pown 8fo. 6«. 

A MCmaiABY of the ENGLISH LAHOVAftS. By B. G. Latham, 
X.A. ILD. F.BJ3. Founded on tbe Dictionaiy of Dr. B&KUXb JomraoN, as 
edited by the Bev. H. J. TOdd, wllh immeKona Bin»dafcioae and Additions. 
In Fonr volumes, 4to. price £7. 

A PBACTIGAL ENGLISH DICTIONABY, on the Flan of White's 
English-Latin and Latin-English Dictionaries. By John T. Whxxb, D J). Oxon. 
and T. 0. Demmi, M .A. AsBtstant-MMter, Xing EdwanTs QTammar School, 
Bimringtww. PostSvo. lihPn press. 

IKBSAIIBira of XNGLISH W0BD8 and PHBA8S8, dsMiAed and 
arranged eo as to fadlltito the Bj^cesdcn of Ueai^ aad a«itt fa literary 
Compoflition. By P. IL Bocor, M.IX KtwBtttten. Oiown 810. lOi. «il.^ 
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LSCTTJBE8 on tU SCIENCE of LANOITAGE. By P. Max Hulueb, 
MJL. &o. Serenth Edition. 3 toIs. crown 8yo. IBs, 

MANUAL of ENGLISH LITEBATITBE, Historical and Critical. Bj 
Thomas Abnold, M.A. New Edition. Crown 8to. 7$. 6d. 

SOITTHET'S DOCTOS, complete in One Volnme. Edited by the Ber. 
J. W. Wabtsb, B J>. Square crown Syo. 12<. 6d, 

EISTOBICAL and CBITICAL COMMENTABT on the OLD TESTA- 
MENT ; with a New Translation. By M. M. Ealisoh, PhJ>. Vol. I. GmetU, 
8to. 18<. or adapted for the General Beader, 12<. Vol. II. Exodm, l&c <nr 
adapted for the General Beader, 12«. Vol. III. Levitiau,; Pabt I. 15«. or 
adapted for the General Beader, Ss, Vol. IV. LevUictu, Fart II. U«. or 
adapted for the General Beader, 8«. 

A DICTIONABT of BOKAN and GBEEK ANTIQITITIES, with 
about Two Thousand Engravings on Wood from Ancient Originals, iUnstrative 
of the Industrial Arts and Social Life of the Greeks and Bomuis. By A. BiCH, 
B.A. Third Edition, iCYised and improyed. Crown 8to. price 7«. 6d, 

A LATIN-ENGLISH DICTIONABY. By John T. White, D.D. 
Ozon. and J. B. Biddlb, H.A. Ozon. Bevised Edition. 2 vols. 4to. 42s, 

WHITE'S COLLEGE LATIN-ENGLISH DICTIONABY antermediate 

Sise), abridged for the use of University Students from the Parent Work (as 
above). Medium 8vo. 18«. 

WHITE'S JITNIOB STUDENT'S COMPLETE LATIN-ENGLISH and 

ENGLISH-LATIN DICTIONABY. New Edition. Square 13mo.price 13^ 

Rfin»r.i*i»w I The BNGLISH-LATIN DICTIONABT, price 6s, 6d, 
eeparaieiy | r^^g LATIN-ENGLISH DICTIONABY, price 7s, 6d. 

A LATIN-ENGLISH DICTIONABY, adapted for the Use of Middle- 
Class Schools. By John T. White, D.D. Ozon. Square fcp. 8vo. price 3s. 

An ENGLISH-GBEEK LEXICON, containing all the Greek Woids 
used by Writers of good authority. By C. D. Yonge, B.A. New Edition. 
4to. price 2U, 

Mr. YONGE'S NEW LEXICON, EngUsh and Greek, abridged from 
his larger work (as above). Bevised Edition. Square 12mo. price Ss, 6d, 

A GBEEX-ENGLISH LEXICON. Compiled by H. G. Liddexl, DJ>. 

Dean of Christ Church, and B. Scott, D.D. Dean of Bochester. Sizth Edition. 
Crown 4to. price 86«. 

A Lexicon, Greek and English, abridged from Liddell and Scott's 
Qreek-Engliih Lexicon, Fourteenth Edition. Square 12mo. 7s, 6c(. 

A SANSEBIT-ENGLISH DICTIONABY, the Sanskrit words printed 
both in the original Devanagari and in Boman Letters. Compiled by T. 
Benfst, Prof, in the Univ. of Gbttingen. 8vo. 62<. 6<2. 

A FBACTICAL DICTIONABY of the FBENCH ani ENGLISH LAN- 
GUAGES. By L. CONTANSEAU. Bcvlscd Edition. Post 8vo. 10«. 6e{. 

Contansean's Pocket Dictionary, French and English, abridged £rom 
the above by the Author. New Edition, revised. Square 18mo. Zs, 6d. 

NEW FBACTICAL DICTIONABY of the GEBMAN LANGUAGE^ 

German-English and English-German. By the Bev. W. L. Blacklet, H.A 
and Dr. Carl Mabtin Fbiedlandeb. Post 8vo. 7s, 6d, 
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The MASTEBT of LAKGTJAGES; or, the Art of Speaking Foreign 
Tongues Idiomatically. By Thokas FBSNDEEiaAsr. 8to. Bt, 



Miscellaneous Works and Popular Metaphysics. 

ESSATS on EBEETHINEING and PLAIN-SPEAKING. By Leslib 

Stephen. Grown Svo. \Q». 6d. 

THE MISCELLANEOUS WOBES of THOMAS ABNOLB, B.D. 

Late Head Master of Ilugby School and Begins Professor of Modern History in 
the University of Oxford, collected and republished. 8to. 7s, 6d, 

MISCELLANEOUS and POSTHUMOUS WOBES of the Late HENBY 
THOMAS BUOELB. Edited, with a Biographical Notice, by Helen Taylor. 
8 Tols. 8to. price 524. 6d, 

MISCELLANEOUS WBITINGS of JOHN CONINGTON, M.A. late 
Corpus Professor of Latin in the Uniyersity of Oxford. Edited by J. A. 
Btmonds, M.A. With a Memoir by H. J. S. Smith, M.A. 2 vols. Svo. 284. 

ESSAYS, CBITIGAL and BIOGBAPHICAL. Contributed to the 
Edinburgh Review, By Henry Bogers. New Edition, with Additions. 2 vols, 
crown 8vo. price I2s, 

ESSAYS on some THEOLOGICAL CONTBOVEBSIES of the TIME. 

Contributed chiefly to the Edinburgh Review, By Henry Bogeius. New 
Edition, with Additions. Crown 8vo. price Gs, 

LANDSCAPES, CHUBCHES, and MOBALITIES. By A. K, H. B. 

Crown 8vo. price Bs, 6d, 

Becreations of a Country Parson. By A. K. H. B. Fiust and 
Second Series, crown 8vo. Ss. 6d. each. 

The Common-place Philosopher in Town and Country. By A. K H. B. 
Crown 8vo. price ds, 6d, 

Leisure Hours in Town; Essays Consolatory, JSsthetical, Moral, 
Social, and Domestic. By A. E. H. B. Crown 8vo. S<. 6d, 

The Autumn Holidays of a Country Parson ; Essays contributed to 
Frtuet'a Magatine, &c. By A. E. H. B. Crown 8vo. 3s, M. 

Seaside Musings on Sundays and Week-Bays. By A. K. H. B. 
Crown 8vo. price ds, Bd, 

The Graver Thoughts of a Country Parson. By A. K, H. B. Fibst 
and Second Sebieb, crown 8vo. ds, 6d. each. 

Critical Essays of a Country Parson, selected from Essays con- 
tributed to Eraser's Magazine, By A. E. H. B. Crown 8vo. 3s, 6d, 

Bonday Afternoons at the Parish Church of a Scottish University 

City. ByA. E. H. B. Crown 8vo. Sx. 6<2. 

Lessons of Middle Age; with some Account of various Cities and 
Men. By A. E. H. B. Crown 8vo. 3s, 6d, 

Counsel and Comfort spoken from a City Pulpit. By A. K. H. B. 
Crown 8yo. price 3s, 6d, 
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PHXLOSOPHY of FECESSITT; or, Natural Law as applicable to 
Mental, Moral, and Social Scienoe. By Chabubs Bbat. 8to. 9s. 

On FOBCE, its MENTAL and HOBAL COSEELATES. E j the 

same Author. 8to. 5s, 

A XAinrAL of ANTHBOFOLOeY, or SCIENCE of MAN, based 
on Modem Besearch. By Chasles Bbat. Crown 8yo. price 6^. 

A FHBEN0L06I8T AKONQST the TOD AS, or the Studyof a Fruni- 
tiye Trite in South India ; History, Character, Customs, Beligion, Infanticide, 
Polyandry, Language. By W. £. Mabbhaj.t., Lieatenant-Colonel B.S.C. With 
86 Illustrations. 8yo. 21s, 

A TREATISE of HUMAN NATTJBE, being an Attempt to Introduce 
-018 Experimental Method of Reasoning into Moral Suhjects ; followed by Dia- 
logues concerning Natural Beligion. By David Hxtmi. Edited, with Notes, 
Ac. by T. H. Green, Fellow and Tutor, Ball. Coll. and T.H. Qrosb, Fellow 
and Tutor, Queen's Coll. Oxford. 2 yols. 8yo. 28s, 

X88AYS MOBAL, POLITICAL, and UTEBABT. Bj Dayid Hxtme. 
By the same Editors. 2 vols. 8yo. price 28^. 

1FEBEBWEe*S SYSTEM of LOGIC and HISTOBY of LOGICAL 

DOCTRINES. Translated, with Notes and Appendices, by T. M. Lindsat, 
M.A.F.B.S.E. 8yo. price 16«. 

A BTTBOET of FABAD0XE8. By Augustus Db Moboak, F.B.A.S. 
andC.P.S. Syo,15s, 



Astronomy^ Meteorology^ Popular Geography^ &c. 

BBINXLEY'S ASTBONOMY. Eeyised and partly re-written, with 
Additional Chapters, and an Appendix of Questions for Examination. By J. W, 
Stdbbs, D.D. Fellow and Tutor of Trinity College, Dublin, and F. Bruwnow, 
Ph.D. Astronomer Boyal of Ireland. Crown 8to. price Bs, 

OUTLINES of ASTBONOMY. By Sir J. F. W. Hebschel, Bart. 
M JL. Latest Edition, with Plates and Diagrams. Square crown 8to. 12s. 

S88AYS on ASTBONOMY, a Series of Fapers onFlanets and Meteors, 
the Sun and Sun-surrounding Space, Stars and Star-Ohmdlets ; with a Dissertation 
on the approaching Transit of Yenus. By Riobaso A. Pboctob, B.A. With 
10 Plates and 24 Woodcuts. 8vo. 124. 



TBANSITS of YENTTS ; a Popular Accotmt of Fast and Coming 
Transits, from the first observed by Eorrocks A.D. 1639 to the Transit of 
A.D. 2112. By R. A. Proctob, BA.. Cantab. With 20 Plates and numerous 
Woodcuts. Crown 8yo. [Aearlg ready. 

Tie inflVEBSE and the COMINQ TBANSITS : Presenting Ee- 
searches into and New Views respecting the Constifution of tha fieaYens; 
togetiier with an luYestigation of the Conditions of the Coming Transits of Yenus. 
By R. A. Pboctob, B.A. With 22 Charts and 22 Woodcuts. 8yo. 16«. 

The MOON ; her Motions, Aipeet, Scenery, and Physical Condition. 
By R. A. Pboctob, B JL With Plates, Charts, Woodcuts, and Three Lunar 
nfltographs. Crown 8yo. lbs. 








rcxm to tk« FSAGnCAL 

UTZAnaS «f d« CQXPAS& For the Us« of 

SnifTCT SrhBfik Z^^ •. Xoacioza, ]JLJ>. 







t^^^Kr#STXX64UlliAlL«f^e CSiSEB XZV6EMX. Song 
•^^ JW. :S;iAfir^. I ^KO^ $96^ a: &Snc: I Jilt pttfTS. llmAeprrtM. 



n:^ TTXXTC $CXWI£ XAXTAl «f KI3I2jr GSOOLAPHT. Br 



KBW WOBKS PUBLISHED BY LONGMANS and CO. 13 



Tbe PUBLIC SCHOOLS ATLAS of ANCIENT QE0GBAFH7 Edited, 
with an Introduction on the Study of Ancient Geography, hy the Eev. Gsorob 
Blttler, M.A. Principal of Liverpool College. Imperial Quarto. 

[/» preparation,. 

A MANTTAL of GEOGBAPHT, Physical, Industrial, and Political. 
By W. Hughes, F.B.Q.S. With 6 Maps. Pep. 7,% 6d. 

MAUNDEB^S TBEASTIBY of GEOGBAPHY, Physical, Historical, 
Descriptive, and Political. Edited hy W. Hughes, F.B.G.S. Bevised Edition, 
with 7 Maps and 16 Plates. Fcp. 6s. cloth, or 10«. bound in calf. 



Natural History and Popular Science. 

TEXT-BOOKS of SCIENCE, MECHANICAL and PHYSICAL, 

adapted for the use of Artisans and of Students in Public and Science Schools. 
Edited by T. M. Goodeve, M.A. and C. W. Merritteld, F.B.S. 

Anderson's Strength of Materials, small 8vo. 3^. 6d, 
Armstrong's Oiganic Chemistry, 34. 6d. 
Bloxam's Metals, '3s. 6d. 
GooDEVE's Elements of Mechanism, Zs. Bd, 

Principles of Mechanics, Zs. Qd, 

Gbippin's Algebra and Trigonometry, 34. 6d. Notes, Zs.Bd, 

Jbnkin's Electricity and Magnetism, 34. 6d. 

Maxwell's Theory of Heat, 34. 6d. 

Mbrrifibld's Technical Arithmetic and Mensuration, 34. 6c?. Key, 34. 6d» 

Miller's Inorganic Chemistry, 34. 6d. 

Shelley's Workshop Appliances, 34. 6d. 

Thorpe's Quantitative Chemical Analysis, 4s. Sd. 

Thorpe in Muir's Qualitative Analysis, 34. 6d. 

Watson's Plane and Solid Geometry, 34. 6d. / 

*»* Other Text-Uooks in active preparation. 

XLEHENTABY TBEATISE on PHYSICS, Experimental and Applied. 
Translated and edited from Ganot's Aliments de Physique by E. Atkinson, 
Ph.D. F.C.S. New Edition, revised and enlarged ; with a Coloured Plate and 
726 Woodcuts. Post 8vo. 15*. 

VATTTBAL PHILOSOPHY for GENEBAL BEADEBS and YOTJNG 

PEBSONS ; being a Course of Physics divested of Mathematical Formulsa 
expressed in the language of daily life. Translated from Ganot's Cours cfe 
Physique and by B. Atkinson, Ph.D. F.C.S. Crown 8vo. with 404 Woodcuts, 
price 74. 6d. 

HELUHOLTZ'S POPTJLAB LECTTJBES on SCIENTIFIC SUBJECTS. 

Translated by B. Atkinson, Ph.D. F.C.S. Professor of Experimental Science, 
Staff College. With an Introduction by Professor Tyndall. 8vo. with nume- 
rous Woodcuts, price 124. 6d. 

SOITND : a Course of Eight Lectnres delivered at the Koyal Institution 
of Great Britain. By John Tyndall, LL.D. D.C.L. F.B.S. New Edition, 
with 169 Woodcuts. Crown Svo. 9s. 

HEAT a MODE of MOTION. By John Tyndall, LL.D. D.C.L 
F.R.S. Fourth Edition. Crown Svo. with Woodcuts, 10*. Qd, 
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COVTBIBUTIOHt to MOLECITLAS PHT8IC8 in tke SOMAIV of 

BADIANT HEAT. By J. TiXDALL, LL J>. IXO JL. F.B^ With 2 Fkites and 
81 Woodoata. 8to. 16<. 

BS8SABCHE8 on DIAYAQNETI8M and MAQNE-CBT8TALLIC 

ACTION ; including the Qnestion of DUmagDetle Pohurity. By J. TthdiALL, 
M.D. D.G.L. F.B.S. With 6 plates and many Woodoixts. 8to. 14c 

HOTXS of a C0UB8E of 8EYSH LEGTVEBS on ELBCTBICAL 

PHENOMENA and THEOBIBS, deliyered at the Boyal Inatitatioa, Aa>. 1870. 
By John Ttndai«l, LL.D., D.CX., F JLS. Crown 8vo. Is. sewed ; It. 6d, doth. 

A TREATISE on MAGNETI8M, General and Terrestrial. By Hux- 
PHUKY Lloyd, D.D., D.C.L., Provost of Trinity College, Dnblin. 8vo. price 
10«. 6<i. 

ELEMENTABT TBEATI8E on the WAVE-THEOBY of LIGHT. 

By HuMPHRKT Llotd, D.D. D.O.L. ProTOst of Trinity Coltoge, DabUn. Third 
Edition, reyised and enlarged. 8yo. prioe 10s. M, 

LSCTUBBS on LIOET delivered in the United States of America in 
the Years 1873 and 1878. By John Ttndall, LL.D. D.aXu FJl.a. With 
Frontispiece and Diagrams. Crown 8vo. podoe It, 6d. 

NOTES of a C0TTB8E of NIHE LBCTTJBE8 on LIGHT delivered at the 

Boyal Institution, a.d. 1869. By John Ttndall, LLJD. D.CJi. F.B.S. 
Crown 8to. price Is, sewed, or Is. $d. oloth. 

ADDBESS delivered before the British Association assembled at 
lk>lf ast ; with Additions and a Preface. By John Tyksall, FJi.S. President. 
8vo. price S*. 

FBAGMEHT8 of SCIENCE. By John Ttndaix, LL J). D.C.L. F.RS. 

Third Edition. 8vo. price 14*. 

LIGHT SCIENCE for LEISTTBE H01TB8; a Series of Familiar 
Essays on Scientific Subjects, Natural Phenomena, iic. By B. A. Pboctor, 
B JL. First and Second Series. Crown 8yo. 7«. 6d. each. 

The COBBELATION of PHYSICAL F0BCE8. By the Hon. 1^ W. R. 
Orove, M.A. F.B.B. one of the Judges of the Court of Common F1ms« Sxth 
Edition, with other Contributions to Science. 8to. price 15s. 

Professor OWEN'S LECTTJBES on the OOMPABATIVS ANATOITY 

and Physiology of the In?ertebrate Animals. Second Edition, with SSft WoodcntB. 
Sto. 21s. 

Tho COMPABATIVE ANATOICY and PHYSIOLOGY of tko YXBTE- 

BRATE ANIMALS. By RiCHABD Owsr, F.B.S. D.C.L. With 1,472 WoodcntB. 
8 vols. 8yo. £8. 18<. 6d. 

PBINCIPLE8 of ANIKAL KECHANIC8. By the Kev. S. HATTonxnr, 

F.B.S. Fellow of Trin. Coll. Dabl. M.D. Dubl. and D.CX. Oxon. Second 
Edition, with 111 Figures on Wood. 8to. 21s. 

BOCKS CLASSIFIED and DESCBIBEB. By Bebmhabd Von CbrrA. 
English Edition, by P. H. Lawkxncs; with English, German, and Frendi 
Synonymes. Post 8vo. lis. 

Tho ANCIENT STONE IMPLEMENTS, WEAPONS, and OBNA- 

MENTS of GREAT BBITAIN. By JoHN EVANS, FJLS. F.8JL With 3 Plates 
and 476 Woodcuts. 8yo. price 28«. 
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PSULZBVAL WOELD Af SWITZBBLAKB. By Professor Oswald 
Hbes, of the University of Znrioh. Trftoslated by W. S. Daijuls. FX.S., and 
edited hy Jakbb Hxywood, M.A«, FJB..S. 2 vols. Sto. with xininerons Illus- 
trataoiig. [In the press, 

Ae OUOIH of CIVILISATIOK and tbo PBI1EITITE COKDITION 

of MAN ; Mental and Social Condition of Bamgee, By Sir Jomr Lubbock > 
Bart. HJP. F.B.a. Third Sditlon,revind, with WoodciztB. [J^earlp reat^ 

BIBU AXIICALS; Wng a Description of ererj Living Creature 
mentioned in Hbe Scriptures, from the Ape to the CoraL By the Eer. J. Q-. 
Wood, KJL. F.L.S. With abont 100 Vignettes on Wood. 8yo. 2l«. 

HOXEB WITBOUT SANDS ; a Description of the Habitations of 
Aaiaiials, olassed aooordinsr to their Principle of Conslaructioii. By the Bev. J. 
a. Wood, MJL FX.B. Wi& about 140 Vignettes on Wood. Sto. 21«. 

IirSBGTS AT HOKE ; a Popular Account of British Insects, their 
Stnictnre, Habits, and Transfonnations. By the Ber. J. G. Wood, M.A. F.L.S. 
Wliii upwards at 700 Hhutrations. Svo. price 21<. 

INSECTS ABEOAB; a Popular Account of Foreign Insects, their 
Stmctnre, Habits, and Tranaformations. By J. G. Wood, M.A. F.L.S. Printed 
aa&d iUustzafeed uniformly with * Insects at Home.' 8vo. inioe ils, 

STEANQE DWELLINGS; a description of the Habitations of 
Animals, abridged from ' Homes without Mauds.' By the Rev. J. G. Wood, 
M.A. F.L.S. With about 60 Woodcut Illustrations. Crown 8yo. p^ce 7s, fid, 

OUT of DOOES ; a Selection of onginal Articles on Practical Natural 
History. By the Bev. J. G. Wood, MA. F.L.S. With Eleven Illustrations from 
Original Designs engraved on Wood by G, Pearson. Crown 8vo, price 7s, Bd, 

A FAMILIAS HISTOSY of BIEDS. By £. Stanley, D.D. FJI.S. 
lirte Lord Bishop of Norwidi. Seventh Edition, with Woodcuts. Fcp. Zs, 6d. 

EEOY JANTJAET to DEGEKBEE ; a Book for Children. Second 
Edition. 8vo. 3^. 6d, 

The SEA and iti LIVING WONDEES. By Dr. Geobgb Habtwig. 
Latest revised Edition. 8vo. with many Illustrations, 10«. 6d, 

The TEOFIGAL WOELD. By Dr. Gboegb Haetwiq. With above 160 
Illustrations. Latest revised Edition. 8vo. price 10«. 6d. 

The STTBTEEEANEAN WOELD. By Dr. Geobgb Habtwig. With 
8 Maps and about 80 Woodcuts, including 8 full sixe of page. 8vo. price 21<. 

THE AEETAL WOELD. By Dr. Gsobgb Habtwig. With 8 Ohromo- 
xylograpbs and 60 Hlnsfcrations engraved on Wood. 8vo. price 21<. 

The POLAE WOELD, a Popular Description of Man and Nature in the 
Arctic and Antazctio B«gions of the Globe. By Dr. Gborob Habtwig. With 
8 CHiromoacylographs, 8 Maps, and 86 Woodcuts. 8to. lOs. Bd, 

KIEBT and SPENCFS INTEODTTCTION to ENTOMOLOGY, or 

mements of the Natural History <^ laseots. 7th Edition. Crown 8vo. Ita. 

XATnfDEE'S TEEASXmT of NATTTEAL HISTOEY, or Popular 
Dictionary of INids, Beasts, Fishes, BeptUes, Insects, and Creeirfng Things. 
With above 900 Woodoots. IV^. 8to. jHioe 6s. doth, or 10«. bound in oalf. 

XATTNDEE*S SCIENTIFIC and LITEEAEY TEEASUEY. New 
BAltioix, tlMTOugfa^revised and in great part rewritten, with above 1,000 
new AztiidM, by J. x . Johnson. Fop. 8vo. 6«. cloth, or lOt, caK. 
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SAHDBOOK of HABDY TBEES, SHEUBS, and HEBBACEOTTS 

PLANTS, containing Descriptions, Natiye Countries, &c. of a Selection of the 
Best Species in Cnltivation ; togeth^ with Cultural Details, Comparatiye 
Hardiness, Suitability for Farticular Positions, kc By W. B. Hemslst. Based on 
DxcAiSNS and Naudin's Jfanuel de V Amateur des JardiM, and indnding tbe 264 
Original Woodcuts. Medium 8vo. 21«. 

A 6ENEEAL SY8TEK of BOTANY BESCEIFTIYE and AKALYTICAL. 

I. Outlines of Organography, Anatomy, and Physiology ; n. Descriptions and 
Illustrations of the Orders. By E. Lb Maottt, and J. Dbcaisns, Members of 
the Institute of France. Translated by Mrs. Hooksr. Tbe Orders arranged 
after the Method followed in the Uniyersities and Schools of Great Britain, its 
Colonies, America, and India ; with an Appendix on the Natural Method, and 
other Additions, by J. D. Hooker, F.R.S. &c. Director of the Royal Botanical 
Gardens, Kew. With 6,fi00 Woodcuts. Imperial 8yo. price 62<. 6c{. 

The TEEA8TIEY of BOTANY, or Popular Dictionary of the Vegetable 
Kingdom ; including a Glossary of Botanical Terms. Edited by J. Lindlbt, 
F.R.S. and T. Moorb, F.L.S. assisted by eminent Contributors. With 274 
Woodcuts and 20 Steel Plates. Two Parts, fcp. 8yo. 12<. doth, or 20«. calf. 

The ELEMENTS of BOTANY for FAMILIES and SCHOOLS. 

Tenth Edition, reyised by Thomas Moobb, F.L.S. Fcp. with IM Wood- 
cuts, Is. 6<l. 

The EOSE AMATEITB'S GUIDE. Ej Thomas Bitebs. Fotuteenth 
Edition. Fcp. 8yo. is, 

LOTJBON'S ENCYCLOFJEDIA of PLANTS ; comprising the Specific 
Character, Description, Culture, History, &c. of all the Plants foond in 
Great Britain. With upwards of 12,000 Woodcuts. 8yo. 42«. 

A DICTIONAEY of SCIENCE, LITERATTJEE, and AET. Fonrth 

Edition, re-edited by W. T. Brande (the original Author), and G&orgb W. 
Cox, M.A., assisted by contributors of eminent Scientiac and Literary 
Acquirements. S yols. medium 8yo. price 63«. cloth. 



Chemistry and Physiology. 

A DICTIONAEY of CHEMISTRY and the Allied Branches of other 
Sciences. By Henry Watts, F.B.S. assisted by eminent Contributors. 
6 vols, medium 8vo. price £8. 14». 6d. Second Supplement in (he Press. 

ELEMENTS of CHEMISTRY, Theoretical and Practical. By W. Aixmr 
Miller, M.D. late Prof, of Chemistry, King's Coll. London. New 
Edition. 3 vols. Svo. £3. Part I. Chemical Physics, 15*. Part IL 
Inorganic Chemistry, 21«. Part III. Organic Chemistry, 24*. 

A Course of Practical Chemistry, for the nse of Medical Students. 
By W. Odlinq, F.K.S. New Edition, with 70 Woodcuts. Crown Svo. Is, 6d. 

A MANUAL of CHEMICAL PHYSIOLOGY, including its Points of 
Contact ^vith Pathology. By J. L. W. Thtjdichum, M.D. With Woodcuts. 
Svo. price 74. 6d. 

SELECT METHODS in CHEMICAL ANALYSIS, chiefly INOE- 
GANIO. By WiLUAM Crookes, F.K.S. With 22 Woodcuts. Crovm Svo. 
price 12s. 6d, 
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▲ PBACTICiL HAHDBOOK of DTEINQ and CALICO PBniTINe. 

By William Cbookba, F.B.S. With 11 Page Plates, 49 SpecimenB of Dyed and 
Printed Fabrics, and 36 Woodcuts. 8yo. 42«. 

OUTLINES Of PHYSIOLOGY, Human and Comparative. By John 
Marshall, F.B.C.S. Surgeon to the University College Hospital. 3 vols, 
crown 8vo. with 122 Woodcuts, 32». 

PHYSIOLOGICAL ANATOMY and PHYSIOLOGY of KAN. By the 
late B. B. Todd, M.D. F.B.S. and W. Bowman, F.B.S. of King's College. 
With numerous Illustrations. YoL II. 8vo. 25«. 

Vol. I. New Bdition by Dr. Lionel B. Bealb, F.B.S. in course of publi- 
cation, with many Illustrations. Pauts I. and II. price 7s, 6d. each. 



ITie Fine Arts^ and Illustrated Editions. 

A DICTION ABY of ABTISTS of the ENGLISH SCHOOL : Painters, 
Sculptors, Architects, Engravers, and Omamentists ; with Notices of their Lives 
and Works. By S. Bsdoravb. Svo. I64. 

The THBEE CATHEDBALS DEDICATED to ST. PATTL, in LONDON ; 

their History from the Foundation of the First Building in the Sixth Century 
to the Proposals for the Adornment of the Present Cathedral. By Wiluam 
LONQMAN, F.A.S. With numerous Illustrations. Square crown Svo. 21<. 

IN FAIBYLAND; Pictures from the Elf- World. By Eichard 
DOTLE. With a Poem by W. Allinoham. With Sixteen Plates, containing 
Thirty-six Designs printed in Colours. Second Edition. Folio, price 15<. 

ALBEBT DXTBEB, HIS LIFE and WOBES; including Auto- 
biographical Papers and Complete Catalogues. By William B. Scott. 
With Six Etchings by the Author, and other Illustrations. Svo. 16«. 

The NEW TESTAMENT, illustrated with Wood Engravings after the 
Early Masters, chiefly of the Italian School. .Crown 4to. 63j. cloth, gilt top; 
or £5 5s. elegantly bound in morocco. 

LYBA GEBKANICA; the Christian Year and the Christian Life. 
Translated by Catherine WiNKWOirrH. With about 325 Woodcut Illustrations 
by J. Leighton, F.S.A. and other Artists. 2 vols. 4to. price 42*. 

The LIFE of KAN SYMBOLISED hy the MONTHS of the YEAB. 

Text selected by B. Floor ; Illustrations on Wood from Original Designs 
J. Leighton, F.S.A. 4to. 42<. 

8ACBED and LEGENDABY ABT. By Mrs. Jameson. 

Legends of the Saints and Martyrs. New Edition, with 19 

Etchings and 187 Woodcuts. 2 vols, square crown Svo. 81». 6d. 
Legends of the Monastic Orders. New Edition, with 11 Etehings 

and 88 Woodcuts. 1 vol. square crown Svo. 21«. 
Legends of the Madonna. New Edition, with 27 Etchings and 

165 Woodcuts. 1 vol. square crown 8vo. 21*. 
The History of Onr Lord, with that of his Types and Precursors. 

Completed by Lady Eastlake. Revised Edition, with 81 Etchings and 

281 Woodcuts. 2 vols, square crown 8vo. 42*. 
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jre; tr^ tk« GftVMS mmd Primeiples of the Ezeellence of 

dra^ Scittptare^ ^ SDwakd Tauossxr, Member of the Academy of Bologna, 
ami of th« Arcbseclogical Institutes of Bome and BerUn. With Wood^its, 
]ntaato(p»|;>hfl^ and Cluraoio2itbograph& Boyal 8ttK 42«. ; 

IMZZHZX^S KOSSUm «f CLASSICAL AHTIQUITISS ; a Series 
ot Sssa^s oa Ancimt Art. New Edctum^ complete m One Ydnme, with many 
IIlBBtrtUtBMS^ Soyal Srtk prifie 42s. 



The Useful ArtSj Manufactures^ &c. 

nSTOsBT tf ike CKyiSIC BEYIYAL ; an Attempt to shew how fu 
th« tas^ tor MedfaiTal Aichitectoie was zetained in Kngland during the 
Iaa<i two ceutturu»> and ha» been re-dertioped in the present. By C. L. East- 
luiKB» Architect. With -4$ ChistratxoDS Imperial Sto. 3U. 6d. 

CWnrS ISCTCLOPiBBIA tf ABCUITECTUSS, with abore 1,600 
XDtp»Ti]Qt]j» oa Wood. Fifth liKtioiT, reTxsad and enlarged bj Wyatt 
PjurwvJcnL livQ. £^ 'id. 

A ICAKITAL tf AXCEITXGTTrBE: being a Concise History and 
Kac^anacxoa of the i^rindpal Styles of Soropean Architectore. Ancient, 
X<Mia»TaI. ami Smtaissance; with a Glossary of Tedmical Terms. By 
Tui^xjL^ MUxvasLL. Crown ^ro.. with 150 Woodcnts, lOt. 64i. 

BXSTS ta HOirSSHOtlB TASTS in FUSHITUBS, UPHOLSTEBY, 

and other Details. Bf CkjlSLSs L. Eastlakx, Architect* Kew Edition, 
wita aboat ^ UlTzstratxon^ &k}^aare crown Sto. 14«. 

PSmCIPLES tf XXCHAKISK, designed for the Fse of Students in 

tbe Xrm^r$itie«. and for Engineering Students generally. By B« 
Willis^ X Jl. F^S. 4e. Jac&sonian Processor in the UniTersity of Cam- 
briJ^^ Second Edition^ enlars«id ; with 374 Woodcuts. 8to. 18<. 

0XOKXTEIC TTTBMirQ: comprising a Description of Plant's New 

Geometrto Chctck» with direction:^ for Its use, and a series of Patterns cut by 
i6> with Explanations. By H. S. SAVoai. With numerous Woodcnts. 8to.21«, 

LATHES and TXTBLinSGy Simple^ Kechanieal, mmd OmamentaL 
By W. HSNax KoaaraLCOTr. With about 240 Illustrations. 8to. 18». 

P£BS?£CTITZ ; or, the Art of I>rawing what One Sees. Explained 
and adapted to the use of tho» Sketching from Natures, ^y Lleiifc. W. H« 
C0ZJLi:s», KJjL F.R^^ With 37 Woodcuts. Crown 8to. pcice 5«. 

IKDTTSTSIAL CEXKISTST; a !3IannaI for Mannfactnrers and for 

use in College or Technical Schools. Being a Translation cf Prcrfessocs Stohmann 
and Engler* G^rtnau Edicion or* Patkx's Fr^ds de Chimie IndustrieUe, by Dr. 
J. l>. B^tuiY. Edited and supplemented by B. H. Paul, PluD. Sto. with Plates 
and Woodcuts. [/» tht prtsu 

UBS'S DICTIONARY of ABTS, KAmTTACTTmES, and MIKES. 

Sixth Edition, rewritten and enlaii?ed by Bokbbt Hcxt, FJLS. assisted by 
numerous Contributors eminent in Science and the Arts, and familiar with 
]k[axxu£actures. With aboTe 2,000 Woodcuts. 3 tqIs. medium 8to. £4 14«. 6*2. 
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HANDBOOK of PBAGTIGAL TELEGRAPHY. By B. S. Guixet 
Memb. Inst. O.B. Bngineer-in-Ohief of Tel^rr^hs to tba Feet Office. Sixth 
Edition, with 144 Woodoutg and 5 Plates. 8vo. price 1$«. 

The EHGIHEEB'S HAHDBOOE; eirolaining the Principles which 
should guide the Young Engineer in tiie Construction of Machinery, with the 
necessary Bules, Proportions, and Tables. By 0. S. Lowndes. Post 8yo. 5s, 

EHCYCLOPJEDIA of CIVIL EHGINEEBIKG, Historical, Theoretical, 
and Practical. By E. Cbbst, O.E. With above 3,000 Woodcuts. 8to.42«. 

The STSAIHS IK TBTTSSE8 computed by means of Diagrams ; with 
20 Examples drawn to Scale. By F. A. Banken, M.A. O.E. With 85 Dia- 
grams. Square crown 8yo. 6«. 6(2. 

TBEATISE on MILLS and MILLWORK. By Sir W. Faibbaibk, 
Bart. F.B.S. New Edition, with 18 Plates and 322 Woodcuts, 2 vols. 8vo. Z2s, 

UrSEFITL INFOBMATION for ENGIKEEBS. By Sir W. Faibbaibn, 
Bart. F.B.S. Bevised Edition, with Illustrations. 3 toIs. crown 8vo. price 31s, 6d. 

The APPLICATION of CAST and WBOUGHT IBON to BnUding 
Purposes. By Sir W. Faibbairn, Bart. F.B.S. Fourth Edition, enlarged ; with 
6 Plates and 118 Woodcuts. 8to. price IBs, 

GUNS and STEEL; Miscellaneons Papers on Mechanical Subjects. 
By Sir Joseph Whttwobth, Bart. G.E. Boyal 8yo. with Illustrations, 7s, 6d. 

A TREATISE on the STEAK ENGINE, in its various 'Applications 
to Mines, Mills, Steam Navigation, Bailways, and Agriculture. By J. Boubne, 
G.E. Eighth Edition ; with Portrait, 87 Plates, and 546 Woodcuts. 4to. 42s, 

CATECHISK of the STEAM ENGINE, in its various Applications to 
Mines, MiUs, Steam Navigation, Bailways, and Agriculture. By the same 
Author. With 89 Woodcuts. Fcp. 8vo. 6s, 

HANDBOOK of the STEAM ENGINE. By the same Author, forming 
a Eet to the Catechism of the Steam Engine, with 67 Woodcuts. Fcp. 9s, 

BOURNE'S RECENT IMPROVEMENTS in the STEAM ENGINE in its 

various applications to Mines, Mills, Steam Navigation, Bailways, and Agri- 
culture. By John Boubne, C.E. New Edition, with 124 Woodcuts. Fcp. 8vo. Gs, 

HANDBOOK to the MINERALOGY of CORNWALL and DEVON ; 

with Instructions for their Discrimination, and copious Tablets of Localities. 
By J. H. Collins, F.G.S. With 10 Plates. 8vo. 6s, 

PRACTICAL TREATISE on METALLTTRGY, adapted from the last 
German Edition of Professor Eebl's Metallurgy by W. Cbooees, F.B.S. &c. 
and K BQbbjq, Ph.B. M.E. With 625 Woodcuts. 3 vols. 8vo. price £4 19s, 

MITCHELL'S MANUAL of PRACTICAL ASSAYING. Fourth Edi- 
tion, for the most part rewritten, with all the recent Discoveries incorporated, 
by W. Gbookbs, F.B.a With 199 Woodcuts. 8vo. 31s, 6d. 

LOTTDON'S EHCYCLOPJEDIA of AGRICITLTirRE : comprising the 
Laying-out, Improvement, and Management of Landed Property, and the Oulti« 
vation and Economy of Agricultural Produce. With 1,100 Woodcuts. 8vo. 21<. 

London's Eneyclopeedia of Chirdening: comprising the Theory and 
Practice of Horticulture, Floriculture, Arboriculture, and Landscape Gardening. 
With 1,000 Woodcuts. 8yo.21#. 
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Religious and Moral Works. 

BEEHOHB ; Inclnding Two Sennons on the Intprpratation of PcophoBj, 
nnd an Effioy on tbe Bigbt lotcrpnutlon and TrndentimdiUKaf the Scriplora. 

CEBISTIAir LIFE, itt COUBSE, iti EIHDBANCES, and lU 

BtlM'Si Sermons preached moatis in th? Obnpoi of Bugb; SchooL Br "■ 



IS preached mostly 



tho Ohapcl ot Bngby School, Bj tlie IsteBrr, 
the IHTEEPHETAnOH of BCBIPIUSE. 



THBEE ESSAYS o 

Thciam. EjJ'iiiN 

IHTBODUCTION t 



3 Utility of Keligion; 



BELIOIOB: I 

the 8CIEHCE of EELIGIOK. Four Lecture* 

nl InatitDtlon : with Two Bsuia on Faleo AjuJegieB ud 

F. Max MOlub, U,A. Crown Bro. lOi. M. 

an Inquiry into the Eeality of Divine 

EBSAYS on the HISTORY of tho CHHIBTIAITEEIIQIOIT. By Jomr 

Ban BnBBKLL. Cabinet Edition, replied. Fcp. Svo. prim 3j. Sii. 
The NEW BIBLE COUHEHTABY, by BisbopH and other Clergy 
ot the Anglican Chnroh, critioaJly eiamined by the Bight Eev. J, W. COLBaao, 

EEABONS of FAITH; or, fhe OEDER of the Chriatian Argument 
DevelopofI and ^irplalnrd. By the Hev, G. £. DnKK, M.A. Becond £diUoii, 

SYBOSYHG of ths OLD TESTAMENT, their BEABIKO on CHBI8- 

TIAM FAITH and PRACTICE. EyllieBeT.B.B.Gllu)i.KsrosK,M,A. 8.0. li* 

Ad IKTBODUCTIOIT to tbe THEOLOGY of the CHUBGH ol 

"" " " " ■ 3t the Thlrtj-nlne Articles. By the Bet. T. F, 



F.LL.D. NewEdlOon 



1TB, U.A. Crown 



. Paul's Ciithedral and 



An EXFOSITIOK of the 2 



LlBRART BniTU 



9 ABTICLES, Hiatorioal and DoctriniL 

liJK. BAKOLD HBOWSE, u.u. lotdBiahopql Wlncho«l«r. Hew Edit. 8»o. lb. 

The LIFE and EPISTLES of ST. PAUL. By tha Rer. W. J. 

,._,-__ .. . —A .^aVery Rev. J. S. Howaos, D.D. Dean ot ChcalH- :— 

■- -" "le Original mmtratioiiB, Uapa, I. ' 
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The VOTAGE and SHIFWBECK of ST. PATTL ; with Dissertations 
on the Life and Writings of St. Luke and the Shiipe and Navigation of the 
Ancients. By James Smith, F.B.S. Third Edition. Grown 8to. 10<. Bd, 

COMMENTABY on the EPISTLE to the BOMANS. Bj the Bev. 
W. A. 0'Ck>NOR, BJL Grown 8to. prioe St. 6d, 

The EPISTLE to the HEBREWS; with Analytical Introduction and 
Notes. By the Bev. W. A. O'Gonob, B.A. Grown 8vo. prioe 4«. 6d, 

A CBITICAL and QBAHMATICAL GOKMENTABY on ST. PATTL'S 

Epistles. By G. J. Elucott, D.D. Lord Bishop of Gloucester and Bristol. 8vo. 

Galatians, Eourth Edition, Sa, 6d. 

Ephesians, Fourth Edition, Ss. 6d, 

Pastoral Epistles, Fourth Edition, lOa. ed. 

Philippians, Colossians, and Philemon, Third Edition, lOs, 6d, 

Thessalonians, Third Edition, 7s, 6d. 

SISTOBIGAL LECTXTBES on the LIFE of OTJB LOBD. By 

G. J. Elucott, D.D. Bishop of Gloucester and Bristol. Fifth Edition. 8vo. 12r. 

EVIDENGE of the TBTJTH of the CHBISTIAN BELIGION derived 

from the Literal Fulfilment of Prophecy. By Alexander Keith, D.B. 87th 
Edition, with Plates, in square 8vo. 12s. 6d. ; 89th Edition, in post 8vo. Bs, 

The HISTOBY and LITEBATTJBE of the ISBAELITES, according 
to the Old Testament and the Apocrypha. By G. Db Bothschild and A. Db 
BoTHSCHiLD. Second Edition, revised. 2 vols, post 8vo. with Two Maps, 
price 12«. 6d. Abridged Edition, in 1 vol. fcp. 8vo. price 3s, 6d, 

An INTBODTJCTIOK to the STUDY of the NEW TESTAMENT, 

Gritical, Ezegetical, and Theological. By the Bev. S. DAvn>soN, D.D. LL.D. 
2 vols. 8vo. 30«. 

HISTOBY of ISBAEL. By H. Ewald, Prof, of the Univ. of Gottin- 
gen. Translated by J. E. Gabpbntbb, M JL., with a Preface by Bussell Mab- 
TiKEAU, M.A. & vols. 8vo. 63s. 

The TBEASUBY of BIBLE KNOWLEDGE; being a Dictionary of the 
Books, Persons, Places, Events, and other matters of which mention is made in 
Holy Scripture. By Bev. J. Atsb, MA. With Maps, 16 Plates, and numerous 
Woodcuts. Fcp. 8vo. prioe 6s. doth, or lOs, neatly bound in calf. 

LECTTTBES on the PENTATETJGH and the MOABITE STONE. 

By the Bight Bev. J. W. Colenso, D.D. Bishop of Natal. 8vo. 12«. 

The PENTATETJCE and BOOK of JOSHUA CBITIC ALLY EXAMINED. 

By the Bight Bev. J. W. Golenso, D.D. Bishop of Natal. Grown 8vo. 6s, 

THOUGHTS for the AGE. By Elizabeth M. Sbweix, Author of 
* Amy Herbert,' &c. New Edition, revised. Fcp. 8vo, price 3s. 6d. 

PASSING THOUGHTS on BELIGION. Ey Miss Seweix. Fcp. Svo. 
3s, 6d, 

SELF-EXAMINATION befbre CONPIBHATION. By Miss Sewell. 
82mo. price Is, 6d, 

BEADINGS for a KONTH preparatory to CONPIBMATION, from 
Writers of the Early and English Ghurch. By Miss Sewsll. Fcp. it. 
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BSABnreS for EYSST DAT in LSITT, compiled t!om the Writings 
of Bishop JtemiT Tattar. By Vim Sewkll. F^. 8«. 

PSEPABATIOK for the HOLY COMMTTinOir ; the Devotions chiefly 
£rom the Worioi of Jebbtt Tatlob. By MSss Sxwbll. 82iqo. 2s. 

TEOTTGHTS for the HOLY WEEK for Young Persons. By Miss 
SswsLL. New Bdition. Fcp. 8to. 2j. 

PBIKCIPLES of EDTTCATIOK Drawn from Hatnre and Bevelation, 
mnd applied to TmnBle Bdctcation in the Vpgeac danee. By Xias Sewbu^ 
2 vola. f^ 8to. is*, td, 

LYRA GEBYAHICA, Hymns translated from the German by Miss 
C. WiKKWOBTH. FiBsr and Second Bebibb, price 8«. 6d. each. 

SPIBITTTAL SONGS for the STTKDAYS and HOLIDAYS throngh- 

ont the Year. By J. S. B. Movsill, LL.D. Ecp. 8to. it. 9d. 

ENDEAVOUBS after the CHBISTIAN LIFE : Disoonrses. By the 
Bev. J. Mabtcmeau, LL.D. Fifth Edition, carefoUy revised. Grown 8vo. 7j. 6d. 

HYXKS of PBAISE and PBAYEB, collected and edited by the Bev. 
J. Mabtineau, LL.T). Grown 8vo. is. 6d, 

WHATELTS UTTBODTTCTOBY LESSONS en the CHBISTIAN 

BTidenoes. 18mo. 6d. 

BISHOP JEBEHY TAYLOB*S ENTIBE W0BK8. With Life by 
Bishop Hbbeb. Bevised and corrected by the Eev. 0. P. Brair. Gomplete in 
Ten Ydumee, 8vo. cloth, price £6. 6c 



Travels, Voyages, &c. 

EIGHT YEABS in CEYLON. By Sir Samuel W. Bakeb, M.A. 
F.B.G.S. New Edition, with mnstrstions engraved on Wood, by Q, Pearson. 
Grown Svo. 7s. 9d, 

The BIFLE and the HOUND in CEYLON. J3y Sir Saxuel W. 
Bakeb, MJl. P.B.G.S. New Edition, with Illastrations engraved on Wood by 
Q, Pearson. Grown Svo. 7s, td. 

MEETING the BXTS ; a Journey all round the World through ^^rpt, 
China, Japan, and Oalifbmia. By Wilhax Snipsoir, F JELG.B. Witb'^HeBo- 
types and Wood Engravings from Drawings by the l.nthor. Hedinin 9vo. 2is. 

TTNTBODDEN PEAKS and TTNFBEQVENTED VALLEYS ; a Mid- 

stunmer Bamble among the Dtdomites. By Amtctja b. Bdwakds. With a 
Map and 27 Wood EngraTings. Madiam Svo. 21s. 

The DOLOMITE MOUNTAINS; Excursions through Tyrol, Carinthia, 
Garniola, and Frinli, 1861-1863. By J. aiLBEBT and GL G. ChubghilEi, F JLG.S. 
Witb. numerous Illustrations. tSquare crown Svo. 21s, 

The VALLEYS of TIBOL; their Traditions and Customs* and how 
to YlEdt them. By Miss B. H. Busk, Author of * The FoUc-Lore of Borne,' &€• 
With Maps and Frontispiece. Crown Svo. 13f. Stf. 
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EOUES of EXERCISE in the ALPS. By John Tyiidaix, LL.D. 

D.C.L. F.B.S. Third Edition, with 7 Woodcuts by E. Whymper. Crown 8yo. 
price I2s, 6d, 

The ALPINE CLUB KAP of SWITZEBLAHD, with parts of the 
Neighbouring Countries, on the Scale of Four Miles to an Inch. Edited by B. 
C. Nichols, F.8.A. F.B.G.S. In Four Sheets, price 43s. or mounted in a case, 
52s» 6d. Each Sheet may be had separately, price 12«. or mounted in a case, 15<. 

KAP of the CHAIN of KONT BLANC, from an Actual Survey in 
1863-1864. By Adams-Beilly, F.B.G.S. M.A.C. Published under the Au- 
thority of the Alpine Club. In Chromolithography on extra stout drawing- 
paper 28in. X 17in. price 10«. or mounted on canvas in a folding case, 12<. Bd. 

TBAVELS in the CENTRAL CATTCASTJS and BASHAN. Including 
Visits to Ararat and Tabreez and Ascents of Kazbek and Elbruz. By I). W. 
Fbeshfield. Square crown 8vo. with Maps, &c. 18s, 

PATT and the P7BENEES. By Count Henry Kussell, Member of 
the Alpine Club, &;c. With 2 Maps. Fcp. 8to. price 6«. 

HOW to SEE NOBWAT. Ey Captain J. E. Campbell. With Map 
and 5 Woodcuts. Fcp. Svo. price 6s, 

GUIDE to the PTRENEES, for the use of Konntaineers. By 

Charles Packe. With Map and Illustrations. Crown 8yo. 7s, 6d. 

The ALPINE GTJIBE. Ey John Ball, M.E.I.A. late President of 
the Alpine Club. 8 vols, post 8to. Thoroughly Bevised Editions, with Maps 
and Illustrations : — ^I. Western Alps, 6s, 6d, U. Central Alps, Is, 6d, III. 
Eastern Alps, \0s, 6d, 

Introdnction on Alpine Trayelling in General, and on the Geology 

of the Alps, price Is. Each of the Three Volumes or Farts of the Alpine Ouide 
may be had with this Intboduction prefixed, price Is. extra. 

VISITS to BEKABKABLE PLACES : Old Halls, Battle-Fields, and 
Stones ninstratiye of Striking Passages in English History and Poetry. By 
WnUAM HowiiT. 2 vols, square crown 8yo. with Woodcuts, 26s, 

The BTTBAL LIFE of ENGLAND. Ey the same Author. With 
Woodcuts by Bewick and Williams. Medium 8to. 12s, 6d, 



Works of Fiction. 

WHISPEBS from FAIBYLAND. By the Et. Hon. E. H. Knatch- 
BXTLL-HuasssBN, M.P. Author of ^StOTles for my Children,' *Moonshihe,' 
* Queer Folk,' &c. With Nine Illustrations from Original Designs engraved on 
Wood by G. Pearson. Crown 8vo. price Os, 

ELENA, an Italian Tale. By L. K. Comyn, Author of * Atherstone 
Priory.* 2 vols, post 8vo. 14*. 

CENTTTLLE, a Tale of Pau. By Denys Shtne Latvlob, Author of 
' PUgrimages in the Pyrenees and Landas. Post 8vo. 10s, 9d, 

LABY WILLOTTGHBTS DIABT, 1685^1668 ; Charles the First, the 
Protectorate, and the Bestoration. Beproduoed in the iStyle of the Pfriod to 
which the Diary relates. X2Bowji8TQ.jpHteeZi.4SiL 
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BALLADS and LYEICS of OLD PBANCE; with other Poems. Sj 
A. Lanq, Fellow of Merton College, Oxford. Sqnare fcp. 8yo. paice 6s, 

XOOBE'S LALLA BOOXH. Tenniers Edition, with 68 Wood 
Bngravings from Original Drawings and other IllnstrationB. Fcp. 4to. 21«. 

SOTTTHEY'S POETICAL WOBXS, with the Authors hist Corrections 
and copyi-ight Additions. Medium 8yo. with Portrait and Vignette, 14«. 

LATS of ANCIENT BOME ; with IVBT and the ABUADA. By the 

Bight Hon. Lord Macaulat. 16mo. 9s, 6d. 

LOBS MACAULAT'S LATS of ANCIENT BOME. With 90 XUustra- 
tions on Wood, from the Antique, from Drawings by O. Schabf. Fcp. 4to. 21s, 

Miniature Edition of Lord Macanlay's Lays of Ancient Borne, 
with the Illustrations (as above) reduced in Lithography. Imp. 16mo. 10s, 6d, 

The JENEIB of YIBOIL Translated into English Verse. By John 
CoNiNGTON, M.A. New Bdition. Crown 8yo. 9s, 

HOBATII OPEBA. Library Edition, with Marginal Eeferences and 
Bnglish Notes. Bdited by the Bey. J. E. Yonqe. 8yo. 21s, 

The LYCIBAS and EPITAPHIUM BAMONIS of MILTON. Edited, 
with Notes and Introduction (including a Beprint of the rare Latin Version 
of the Lycidas, by W. Hogg, 1694), by G. S. Jekram, M.A. Grown 8yo. Sx. 6d. 

BOWBLEB'S FAMILT SHAK8PEABE, cheaper Genuine Editions. 
Medium 8yo. large type, with 86 Woodcuts, price 14«. Cabinet Edition, with 
the same Illustrations, 6 yoIs. fcp. 8to. inrioe 21s, 

POEMS. By Jban Ingblow. 2 vols. fcp. 8vo. price lOs, 

FmsT Series, containing * Divided,' * The Star's Monument,' &c. Sixteenth 

Thousand. Fcp. Svo. price 6s, 
Second Series, ' A Stort of Doom,' * Gladys and her Island,' &c. Fifth 

Thousand. Fqp. 8vo. price 6s, 

POEMS by Jean Ingelow. First Sbbies, with nearly 100 Illustrations» 
engraved on Wood by Dalziel Brothers. Fcp. 4to. 2ls, 



Rural SportSy &c. 

DOWN the BOAD ; Or, Beminiscences of a Gentleman Coachman^ 
By C. T. S. Birch Beynardson. With Twelve Chromolithographic Dlnstra* 
tions from Original Paintings by H. Alkcn. Medium 8vo. {Nearly readp. 

The BEAD SHOT; or, Sportsman's Complete Guide: a Treatise on 
the Use of the Gun, Dog-breaking, Pigeon-shooting, &c. By Marksmak. 
Bevieed Edition. Fcp. 8vo. with Plates, 6s, 

XHCTCLOPiBBIA of BTTBAL SPOBTS ;. a complete Account, Histo- 
rical, Practical, and Descriptive, of Hunting, Shooting, Fishing, Bacin^* 
and all other Bural and Atbletio Sports and PastimeB. By D. P. Blainb, 
With above 600 Woodcnta (20 from Designs by John Lbsou). Svo. 21«. 
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ttt nT^ltmi't IVTOMOLMT. Bj AmcBD BoxAias. WiA 

m»luttr<Nl Wiptmm»t9iAim» of tb« N»tnr«l and Artificial Inaect. OatOt BflUw, 

4 BOOK oa ASeiXVe ; a contplete TrMtise on the Aii of Am^ag 
Ih «vtnrY i>r«ttch. By Filajcob Hulnci?. New Bdition, with Factnifc nii 15 

VILC0CXr8 SXA^rasmXAV ; comprising the Chief Methods of 
HovK ttiMt L^ nahllitft a Olanoa at Nafei, and Bemasks on Boata and ITiialiaft 

N tf w ttUt^o* wltix (MWgwlQutik Foat Svow 12«. CA 

IIQ&SXS «ad SXABISfk Bt Colonel F. FirzmroRAK, XV. the Kioeft 

tt\tmiunk WlUi Twtmby^oor rUbes of dnstzabiooa, containing tbej nii a MiirT 
irtit^tr«i «ti||[r«v«U Ott Wood. 8w. 10«. 6</. 

T^t ]KNU»r« rOOT, «ftd HOW to XZSP it 80inn>. Bj w. 

tt^tMmlkH. Nlttbh ttitttioa» with muatrationa. Imperial Sro. 12s. Cd. 

4 YLinr T1X4TISX M H0S8X4(H0SDre. By W. Mnxs, Esq. 
(^\^h KUItion. t^^•t t^rv. with tUuatratioxuH Si; 9<k 

iX4im «ad rr41LXJrXTTnret. By W. Milbs» Esq. Imp. 8m 
Illi4m «ft XOiKftSf ' TXXXK» addxMsed to PuchesecB. By W. 

Mit.Kti^ Kkq. Vgtft thro. U. «<i. 

4 TIUC4Tt8]K oa XOS1X-8SOXIK0 aad IA1DEVS8B. By Josbfe 
V^AMaiMlt V<fW((ttaEy Sttcyaott. )hro» wifch M Woodctrt»» price Iftt. 6d. 

T^t XM8X: wtth a Ttvattse on Dranght. By Wiluaic Youait. 

^^vw tiUlUvti« ¥«vijMd and woIaKgad. Sro. with nimiieroos Woodcnts, 12t. 6d. 

Tt# ©W» l^ WattAw Yqcatt» 8to. with nnmerone Woodcuts, 8«. 
TbL# DM ill XX4ITS Uid DI8SASX. By Stokzhehgs. With 70 

n» (J^^THOTTUD^ By S'ix>iacKS2ras. BeTised Edition, with 24 

Tt« OX ; hit» t>i(»4Mi»t*9 and th«ir Treatment : with an Essay on Paitorir 
tiivtt Ui t)h«i C^>w% Jl^ J. K. DgmwK. Cxown Sto» with Illiistiattoiis, Ts. 6d. 



I^Vr/tif of Utility and General Information. 

X\» TKSMT a&d F&ACTICX of BANXnre. By H. D. Macukhi, 

M* ^V. ):^ri»ttfiNfcb-JLaw, SSiKvad SiJitiott» «iitir«Iy remodelled. 2 toIs. Sto. SOs. 

irCTTLIOCS^S DXtmOlTAXT* Pimetical. Theoretical, and ffitrtorical, 
\)t v.Vtiimi»rv« ami Commercial NaTigaldoa. Kow aad zeriaBd Mitinp. ftnk C3«. 

X^# CASIXIT L4WT1S ; a Popular D^est of the Lena of England, 
i.n\iU Criminal* aad ComitilitttioRftl : itttandBd for Practical Uaa 
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BLAGXSTONE ECONOXISED, a GompendiTmi of the Laws of 

England to the Prosent time, in Four Books, each embracing the Legal Principlea 
and Practical Information contained in their respeddye yolnmes of Blackstone, 
supplemented by Subsequent Statutory Enactments, Important Legal Decisicmst 
&c. By D. M. AntD, Barrister-at-Law. Beyised Edition. Post Svo. 7s. 6d. 

PEWTNEB'S COMPBEHENSIYE SPECIEIEB; a Guide to the 
Practical Specification of every kind of Bullding-Artiflcers' Work, with Forms 
of Conditions and Agreements. Edited by W. YoTma. Crown 8yo. 6«. 

COLLIEBIES and COLLIEBS ; a Handbook of the Law and Leading 
Cases relating thereto. By J. C. Fowler. Third Edition. Fcp. 8yo. 7«. 6d. 

HINTS to UOTHEBS on the UANAOEUENT of their HEALTH 
during the Period of Pregnancy and in the Lying-in Boom. By the late 
Thomas Bull, M.D. Fcp. 8yo. 58, 

The MATEBNAL MAITAOEMENT of CHILBBEN in HEALTH and 

Disease. By the late Thomas Bull, M.D. Fcp. Svo. 6*, 

The THEOBY of the UODEBN SCIENTIFIC GAVE of WHIST. 

By William Pole, F.R.S. Fifth Edition, enlarged. Fcp. 8yo. 2s, 6d, 

CHESS OPENINGS. Bj F. W, Longkak, Balliol College, Oxford. 
Second Edition revised. Fcp. 8yo. 2s, 6d, 

THBEE HTTNBBED OBIGINAL CHESS PBOBLEMS and STUDIES. 

By Jambs Pierce, M. A. and W. T. Pierce. With numerous Diagrams. Square 
fcp. Svo. 7s, 6d, Supplement, price 2s, ed. 

A PBACTICAL TBEATISE on BBE WING ; with Formula for Public 
Brewers, and Instructions for Private Families. By W. Black. 8vo. 10s, Sd, 

MOBEBN COOXEBY for PBIVATE FAMILIES, reduced to a System 
of Easy Practice in a Series of carefnlly-tested Beoeipts. By EuzA Acton. 
Newly revised and enlarged ; with 8 Plates and 160 Woodcuts. Fcp. 8vo. 6s, 

HAUNDEB'S TBEASTTBY of KNOWLEDGE and LIBBABY of 

Beference ; comprising an EnglishDictienary and Grammar, Universal Gazetteer, 
Classical dictionary, Chronology, Law Dictionary, a synopsis of the Peerage 
useful Tables, &c. Bevised Edition. Fcp. 8vo. 6<. cloth, or 10«. caU. 



Knowledge for tlie Young. 

The STEPPING-STONE to KNOWLEDGE; or upwards of 700 
Questions and Answers on Ifisoellaneous Subjects, adapted to the capacity of 
Infant minds. 18mo. Is, 

SECOND SEBIES of the STEPPING-STONE to KNOWLEDGE: 

Containing upwards of 800 Questions and Answers on Miscellaneous Subjects 
not contained in the Fibst Series. 18mo. Is, 

The STEPPING-STONE to GEOGBAPHY: Containing several 
Hundred Questions and Answers on Qeographical Sulq'ects. 18mo. Is 
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The STEPPIKO-STONE to ENGLISH HISTOBY; Questions and 
Answers on the History of England. 18mo. Is, 

The STEPPING-STONE to BIBLE XNOWLEBGE ; QuesUons and 
Answers on the Old and New Testaments. 18mo. Is, 

The STEPPING-STONE to BIOOBAPHY; Questions and Answers 
on the Lives of Eminent Men and Women. 18mo. Is. 

The STEPPING-STONE to IBISH HISTOBT: Containing sereral 
Handled Questions and Answers on the History of Ireland. 18mo. !«. 

The STEPPING-STONE to FBENCH HISTOBT : Containing seyeral 
Hundred Questions and Answers on the History of France. 18mo. Is, 

The STEPPING-STONE to BOUAN HISTOBY : Containing several 
Hundred Questions and Answers on the History of Borne. 18mo. Is, 

The STEPPING-STONE to GBECIAN HISTOBY : Containing seyenl 
Hundred Questions and Answers on the History of Greece. 18mo. Is. 

The STEPPING-STONE to ENGLISH GBAUMAB : Containing several 
Hundred Questions and Answers on English Grammar. 18mo. Is, 

The STEPPING-STONE to FBENCH PBONTTNCIATION and CON- 

YEBSATION : Ciontaining seyeral Hundred Questions and Answers. ISmo. U, 

The STEPPING-STONE to ASTBONOHY: Containing several 
Hundred familiar Questions and Answers on the Earth and the Solar and Stellar 
Systems. 18mo. Is, 

The STEPPING-STONE to UTJSIC: Containing several Hundred 
Questions on the Science ; also a short History of Music. 18mo. Is, 

The STEPPING-STONE to NATTTBAL HISTOBY : Yebtebbatb ob 
Back-bokbd Ajomals. Paitt L Mammalia; Part n. Birds, S^tiUs, 
Fishes, 18mo. Is, each Part. 

THE STEPPING-STONE to ABCHITECTTTBE ; Questions and 
Answers explaining the Principles and Progress of Architecture from tbfr 
Earliest Times. With 100 Woodcuts. 18mo. 1«. 
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